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ma V3 »«j;« ii8<id. Out of liioso ?^  dia not £«ae« iooalljr but 
^co^etd sioiaio oa g^aeoluff w l ^ i j i i l^ t vas* Qc»a«ttid«f and 
ao nnoaptoaa oa @£eat lia^mafii aad Biato li|r sa^ iaooolatiaaa. 
?2 pjto(Saoad laoal looloaa oa g* »aiaa«ia Yae# 0ctat Brox^aiat 
aaaaio aa Q»a««ad«if €»ul laeal ieaioaa as will aa aaaala oa 
Plato t^ offoaa ^^ pjroauooa looai toaioaa oa Piato aafl looaX 
loaloas ao wol^ l ea isoaaie oa Qsatwiaos aad Offoat loxthofa* 
totalled atadiat ia^eatad that tm»% saago of 7g «a8 foatsiotad 
to t&a fomily ]L€guiiilao8ao« Zt diffeted froa tha otaaa two 
iaolatoa ia aimp tmiatoliogar* ^ a t saago aad tioat foaotioa* 
£ha oooatxtaoa of iaolmaioa bodi aa ia tha «i>idaaiai 
atdpa of g* y^Millffi <^ d £• aaaifi. o/atoaULoalljr tafoettd nitli 
V^g aad otaiaad aith oaa pat oimt piaoxia aa«a oiNtaavad. 
V^  Jiad a tlianiaI«daatti*i»oiat iJ!m) l»ot«aaa aa-dO*0> 
dllaUaa^aad-poiat {am) ZMWT^ m^ loagantr 111 JLUft <^ teata; 
ahilo im of V^g aaa 98^a, MF &aio*® aad loagavitjr jUi JCLIift 
le dsgrit at fooa taipaxataxOf M% dar« io etada aapt aoffa tlun 
30 aoatba la daaLoaatad laavaa at d»1^a mA 2 aaoka at 0*0 
of taa pairlflad pfi^axatioa* f^ «aa InaetlTatad Wataaoa 
69*70* ^ i at IslO aad xaalataaet to agalag aaa 4B aaaxa. 
tf^ «ma highl/ ««fti9tAiit to p«ot«ia pir«fti|»itAttoii (ttluMMl 
aaA U.Qliloxid« of megmtf} and ^ oil4«lioa (lagrdioxtA 
p«joxia«). th9 ommH vltuo baA ft good toogo of pH %olof«AOO. 
ibM pa Ux o^^ftal inftoUiritjr dooo aot ooiaeKlo tdtli pu fof 
opUaol o ta^ l i^ Ibir ^o Hfisio* 
Itio Of lif»2m iaotilmUoa period foe fho vlxut (T^ g) 
aaltipUoatioa mm two wo^s in gm mMk ^* ^Mi»xm fixtto 
ooao«atcatloa mam fottad ia tho l@af aad aioistus ia tiio toot 
aodnilo of a airstiiaioa3.1jr iafeetot titia plaat« 
?2 oould aot bo txaanittod oltbtc tSixough oollt btaa 
loaf bo@ao0 ®a.i MMM ifWffJkTOIi.>oo^ *f i* AiffitU 3^.ov« 
<uid Myfaa ^oiealfao i^ la»p ttiMlo J* fjpa^ f^ olTOjra vaa uaat^ o to 
txaaesiit V^  oaft f^ * 
Xa ayatoaies^l^ iaf eoteS gm mSak plant, vlxas (T )^ 
waa pcoaoat ia ai^li ooao«i£fatloa ia Tai^ oua pacta of flonor 
aad aazipaaoa fxttit* It i^ivad oaljr S*i pax eoat saad 
ttaaaaiaaloa aa ooapaxod to ita piroaaaaa la 44fa pojr oaat 
iabjryo of laaatato iafaotad uiiA aaai. Zt oeald aot ba 
da too tod ia taa iabxjfo of i^okc oc alow dob^ rdiatod aad atofod 
uxid aaad. ma poaitloa of tbo ofiila ia tfea pad bad ao 
apaoifie xalatiea to tba flxaa iafaatioa* 
Xba TLciia (fg) «aa pttJd.liad b/ diffataatial 
aoatxif^atioat diffataatlal oaattiiugatioa iltii ••& pat oaat 
o-feiitttiiol MIA 3«i p9X! «tnt thioglirooUio ft«l4l sa4 li«ftt 
eX«af fiiii4 tiig^i' iiif«etioita ffipatfttloii* 
She ileotcott miemgMmhn i!@T«al«d ^ « aofpli^leiy •< th« 
of B3 m^* 
1^0 tlt«« or the ^ti0«fum vat itiSd iis poje tlia tulM piraeipltla 
tn9U 2ho aaxlsita dilutloii of tk* puxlSXeQ^ pc«pmcaUoa that 
gava a poaltlva xa&otloa was it^S6 i^ta oiicad «itii ^a 
aiitiaejeusi ats & diilutiaii oX it 20* 
Xatafaotioa &£ vims (Vg) tsitH ]£gvi^ ipha Qolygeai 
savaelea tHat ^ t Xattaf dlaTi&opad oa irlma ia£@ot«4 Itavaa at 
^» Y»lig^a aad was caateiotea to geawi tlsenta* ^a vlfaX 
eoAoefttxatloa ia :&tav@8 iiifeotaa t>jr tet& vlfita aad pomAtty 
slldaa waa xaaMoat bjr 37«4 pax oaatt i$iila laavaa lafaotaA iltti 
•Ixua aXoaa of tiia pXm,t ica^ bfteliaa waa fi4«£ pax oaat« 
iHaa pottaA plaota at usiA aaxa iaaoalatadi altii 
vima (Vg) ft^ pxal»laoat VLaoa aa4 paatUioea atagaa* tHa / la id 
loaaaa wata S3«S.4» »«40 and 2*87 p§jt aMt fai^aatlTaljr. 
XaMlsitiaa atodiaa xaraalad tbat aipfiyriag of too ppa 
ooaoaatxatloa of a<»thiouxaail oa laavaa bai!»xa iAoeulatiaa 
with tlia vlxaa CVg) d«la/ad tiia i^ptaa axpxaaaloa itf 9 dara aa 
%jf 6£,90 pt« Qfluit* 33i« l«ttf «s%taot» of <milli ani IDitiafa 
oeiset IdO i^ dx «^t add i9tiD p«t d«it £a^@ti@a ia l@aal 
Itaioa psoauaUaa faiptoUvaljr 4ft JllXSt* ^ * ^ tiUaot of 
uxid» gttart aoi^oa aad tooaa* ooataiatd vlma iahibltofa wium 
toatod JiA JdUlft* '^* aiE t^iiOta of aalsiita aad iaanlaaUag aaada 
of uild aauaad a f f ta t t t iacxltiitioa of tht wiiua aa ooapattd 
id«h @xtxaof of iaaalata attd* 2lia laaaotioa in looal laaioa 
pxodaetion oa m^ «aa ea«£S pmt eaat b/ Iha axtxaot of 
^•KaMaHtirJwMMaSMl 
Oae tittaaifad and tuanlir vaclalita« ai&aotioaa isad 
gemplam Unaa of uild WM% aoxaaaad fox xaalatanoa to V^  
ioolata of udd aoaaio Yixua Ikir oxtlliGlal iaoaulatioaa. fho 
aaoaomlealljr iarpostant vaxlatar i:*27 waa fomad to h9 Mghly 
xaalstant aad aoatalaad loa oonoaotxatloa of ^ a irlfua. 
ii^ coa tha abava aotic oaxxlad out in tHa pxaaaat aludiaa 
oa tha tlucaa iaaiataa of tixld ataaalo rL&m ^d otHat paVliahad 
aofic fio« Zadia oa thaa i t aotild l»a aafa to eiaolada tliat 
?^ » Tg aad 3^ balaas to tl&a (^»oa baaa aoaaia, aoattiata baaa 
aoaaie aad aoivpaa soaaie viftia gtaapa f aapaetival/. ihiitHat 
ufid aoaaio vifua aiiata aa a aooplax of atlaaat tiixaa dlatinot 
ai^ tcaaaaiaaima vituaaa oadaf aataxaX ooaditieaa. Oa tha 
baaia of atadiaa daaliag aitli a^vptomatolo j^r* baat xaafto* boat* 
faaatiaa* pbjraiaal. pjropattiaai a»da of tsaaaaiaaleat pa<ifio«tiai 
'*laaa m g. ^ i i l^ |" ' f : . 
ufi4 aosalc vlaia sad ab!>£«fiat«a &• SvlIM?. Xhi« isolftt* 
4lstiaotly £t««s}iaes Somtti®£a B«an Mosido @t0^ of viittt»t in 
8«v9«atl xtflpeots &a^  f&ightljr dlff««« fxom i t s tlic«« •xiating 
@txaici8 ia oaa ««i!^ee« of tho othojr* itioftfocot i t i t 
ooQ@ld9iod && a a«» ©teaifi of ^atiitfa Boaa Soeaio tlirtis. 
CSo&@d#ioati/« tbe follo^ng or^togran fo£ ttiie aow tttraia 
of th® visus has 1>«ea s»fopo8«ii */*• */®f 3/S» 3/0 
tf %"i>£3pey|y"of tjW"'¥faa""ao'i"m 
BWUMB OH A mmiQ mmmn ot niiB isMiSMM HHIk i>iiriO 
in paxtlai liil.li:^€iit ef lii« f«^tiii«Q«8 fox 1^ « 
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^hia i s to «t«Uf|r ttmt %&• thttsis «iititl«a **@ttt<!io8 
«&# dogfoo of isDOSDi oi> mmmmBm m mimtt wmxit^ of 
Sel0ao«» i'QM^^ 4u«li» uaiToxaltjrt iUiigathf lo a jr«ooxd 
of ,|£ias MM smeagQh noik oftci?l«d oat l>f ^ d Kfiel^ aB X»al 
iMiOgxai vtn&^M omc goidanoo aad suptcvisloa* So poet of 
tho th«8l8 hao boon iutisittod foe ao^ othex dogcoe 0£ 
diploma* 
Htadt mvioiofi of M#«oloijr and 
Plaat f iitliolOf;^ ! liiaiMi 
AgfiottlttitiiL loooafili Institiitft 
H«Ad» Dopairtatiit of iotaiijr» 
4iiift«b Mtiilia UniYttiitjrt 
MXfEWAk mmwiimM im^M» Bi^mnmn 
I •:^«0«» «y A99P 99nB9 ^t gjfatitua* to 
2)tv« B*f, B j^rohaidbafiy fi«ftd of tlit ItlTisloa of MyooXogjr and 
PXant PalhoXoffyt Xadiait igjcLouItaifal Botoajroh XaotltutOf Sow 
DoXlili ajT oxtttafiil Sbporfioo«« for auggooting tbo |»xoi>l«i« 
iralttat»lt guiAaaot and ojElUoalXjr goiag thfoiigH %h9 aaauoojeipt* 
X m oxtje«tXy giatofUX to Pxof* Atji&x M* s:baa»fi«ad 
of %b» iJopaf ltt«it of Botaajt jixigaxli liusXlffl {ralTtjr«lty» iXigasli 
a/ iato«aaX SapoxTlaojTt £»x lilo ko«i iatt£oat la tlio p«obXia» 
s^XuabXo suggtatloao aad aXso oof£«otiag tho maattsoilpt* 
My spoelaX thaalco axe duo to X2if* San Pfakaahi PhysXoiott 
HaoXeax Beooatolt I^ abocatocjri Xatlaa 4gsioaXttt«ia Btsoajr^ 
Xaatltut«« ir«« BtXhl fox tho hoXp jroadoxoA ia tho oxaaiaatloa 
of tho aatociaX foe oXtotxoa aioxoaoopjr as ^ao fox takiag 
tba oXtotcoa nioxogfaplia* 
ShaalEo a«o duo to Be* S«K« Saxoaat Se« KhaXid Mataaioodt 
BtadofOf Sopattooat of Botaa^t AXigaxh HuaXia OalTarsltjri 
AXlgaxh aad Bs* B. BeXdtTf Phi^aloXogiat, Br. J.S. OxowaXf 
PdaolpaX XaTaatlgatox (puXaa dloaaaao), X.A#H*I«t How BtXhl 
fot thtix icota iataroat aad htXp duxiag tho oouxat of thio 
wo Idle* I m thaakfUX to mf ooXXoaguaa ompXojrod la puXaa 
pfo joot who hfXpad aa fxoa tlaa to tlaa* 
K L - 4 W — ^ - j u . 
£ifft 
Bwnm Qi U2Mumim ... •*• #»• 3 
uASMmm mDMEmim • . .« it 
^•ehAoiool ifiooilAtloa ••* •«• •*• t4 
yfimm tmXmtw • • • •*• *«• 24 
ilodt Z8fig« and a^i^toiaatolckgjr «•• ••« ••• ^ 
fa«leta3. Y«ft«tioa •*• 38 
OjrtopAtiiolagieiil attti iat • • • #•• • • • 35 
^l^sloal. jpxe^dctias ot ^ t «li»« iselatas ••« 83 
t^«i^«taae« t» ^aa lo i l a ••• • • • •*» 39 
Hff•#% of iNifXAf• ••« •>• «•• 4K0 
MJTtet of ttolaffitjr • • • • *« • • • 40 
IftAkbatiaa paxiaA of tiia H f u a 41 
Mi99t 9t aga a t i»laot to tlia v i j»a 
i a f aoMaa •#• •*• ••« 43 
matfUmtiaa of tk% Uttaa i a vagatatlTa pXaat 
jiax*a * • • • •« • • • 4# 
ffaaaalaalaa of tba Yijnia ligr iaaaat* aa&l 
IA4 aaa4 ••* •*• •*• 4A 
Ila4a af B9i^ tiraaaaiaaiaa *•« «•• •«• 4lf 
^atifiaaliaa • ••• 31 
£Laattaa aiatoaaft^jr • • • ««• . • • 33 




Ocom pcoitoUea . . t •«• • • • && 
Ztttt faoU^a bo tv tm tlio vimis and 
liOMVS ••* • • • »•• S i 
•x t tao t m^ lUQgus H X t t u t * . * • • • • • • • 03 
0ox««aiiig ^ t £«^3taae0 ».* * • • ••« @7 
yat« o f 8p£«ad o f t l i« iS^MfMt •«• • • • *.» 70 
Hatiitidi if ieldoiidt oi tl i« Mavas* ««« ••« 7a 
lESOJiMOI M d Of^Obfli^Uia . . . •*« •*« 74 
8U& Jjy:tV ••* ••• • • • 87 
Wh^E^^QEU • • • • • • ••» l<»lx 
Mil 01 fMiii 
iMM 
i . llo»«-x«ag« find ip^toAAtoXogjr of tiM lueid 
•»il«1&«8 iiiooa|,at«(i iii«ii thtt oidLd aoealo 
irijme ( I tolato Vg) 33 
3. Piijraloal piropoxtioa of tlia uxld mooalo vlciio 
(ioolfttos ? t^ ?jg aad T3) 3$ 
4* mtmal«d«a«li-^liit of %tm fitao (Yg) 36 
Q* miutloii«Md"i>oiat of tho tktau (Vg) 37 
@. LongontjT JUI ^ t f e o f the ^1110 (Yg) 3a 
7 . Effoot o f oh«aloiil8 on t ta lata i ioo o f tHo 
0. Sffoot o f i»»ffOf• on muntf o f tHo iritao (?g) 40 
Q, Effoot o f a»>laiitjr on aotivl iyr o f tlio Yijni«(?g) 41 
SO* Jffoot of p i on aoUvit^ of %h9 vlittt (?g) 4£ 
i l« Ia«i%«^tlofi pojciod of tbo Tlxno < 7^) ^^ 
12* ^feet of ^ t Hma (Vt) laeonlotioft oa tlit 
pofoootogo of pXm% lAfootlOA 44 
i 3 . motfilititloii of tho idjnio (Te) i a iroiOtatlTo 
90lt» 44 
14* Xcaftflaisgi>oa of tho vliao (V^) hf Ittoooto 44 
IS* PojeooAiogo oooi ttaiiMiiootoft of tlio vlnio 
(iflolotoo ¥^  mA Vg) 48 
l i . motxilMUoii of tHo nftto i \ ) 1« fxiiitiMg 
9aiti 00 
17. JM.O«XlllltlOft o f tHO VlJMO (Yft) iAfOO«04 
• • • 4 o lA M iMimtiijro 9o4 31 
00A%«* « 
usf OF tjm^Q mum. 
of %!&• vieaa (?g) 53 
10• ^ « p£«(»lplUii £«aotloii of elaxiflod li«iatlijr 
tht pujrlHoa vica» (Vo aatlgoii) vltti i ts otm 
fiatidOAUl 38 
^« 1St£ft of tiko vixut iVo) mtisofiia la 
ptoolpiUa t««ta *^  {I8 
2U 'ih9 wimx& (Vg) aaUvitjr ia Itavaa iafaeliad 
«l«li tlna petiaatjr alliaw aad la laairaa iiitti ao 
fum t^ia lafeoUoa of ttit «ma plaat 61 
BB* Satlaatlon of losats la ^€k& ^ th9 
irlmo (Vg) la add 6e 
83. Effeet of S^tMoucaoil l>jr apfa^lag oa 
^poafaneo of dlaaaaa a^n t^oaa hy tba Tixtta(Vg) €3 
£4. 4;ffaot of ®»tMom£aoll lif m^Wim oa aoUvlt^ 
of th» Yiiaa (Vg) 64 
g§« ;&ffoot of Oilatioa oa tat «tQtlvijral p«op«««iy 
of plaat loaf axtjruot i& 
26. <;>ff«ot of aotd ozttaet oa aotiirltjr of ^ « 
nm» (?g) 66 
87, Effoet of ,Mgto|Jiitfl4«l MJUm «» aatHAt/ 
of tat vlirao (Vg) 6f 
iuitivltjr of tao Tlma (?») la w«o Tatlotlta/ 
ftnaplaaa of uii6 aao«4a| vtalataaoo 69 
89. SpxfaA of tao ufl6 «oaale aotftlt la dlffoxoat 
oultlvaxa of ai l 6 aa6«f aafoial ooa61Uoaa 71 
90. dpxtA of tao ttil6 aoaalo aottlo la tie 
ottltlToxo of uxld ttadof aatiixol ooadltloaa 7S 
91* A ooavodaoa of tao atld «oaale vijnao ( VQ) 
l i t a aoao otaot i^aodoal Ylfaooa luioaa * 
to lafoot ^•m^ ga—otti^ if ^i*ii»t m i., 60 
mmmmm 
is itt a l l pfo&i^Uty a aalii^s ei Ia4ia (duiaolla H^ t 1399$ 
?i^9jr aaa MotaSt |01«; favllov, I9@@{ I4»^^aiii|t 196£>« 2a 
2a4SI% i t ia aalUvatad ia alsiiat a l l tua eiataa av«« aa arta 
o£ 1930 tlS0aa«(i<l Haataiaa* ^ t pfoaaoHaa ia oaljr 4M% ^aaaaaad 
taoaaa i«a* a*e9 taoaaa/iiaalaffa (lAaaii a | ^ . « 19T0)* ^^a 
al^vioual^ ia was la« aa amipaiaA ait^ ittaat aadi nea 
Clte»aa« 1973} • 
0 t i^ ia %h9 ooat Mi l4^ pcigaa palaa oxQp ia 2aai& 
sM otl^t davaia^iag aaaa««iaa %@aaiiaa i t p^oiridaa a <^a^ 
aootoa of aapa«ia« ptataia @ai aaaaatial aaiao aaida «^io^ ava 
m aaaaatial to Bm aiUioa otilldiraa ia tlia davalapiag 
eoiiatiiaa aiaaa aaatal aa aall aa pl^eiaal dairalai^ aaat ia 
lapidjraA baaaiiaa af ptataia 4afioi«aaiaa* 21 ia alaa uatA aa 
aatldla im%A aitliat ia %hm t0m af aaala4 HXUL ojt aaa4 iitiaic* 
ttm }>xaAttatiaa ia tad^aaA a^at/ jraar hf a vatiatjr af 
4iaaaaaa laan aa aawaaa teaa aaaaiat jrallow liaaa taaaaiat laaf 
aiiakla, MOMsm Jtt2d»tta4« ^ W J l l t i t MSmMSh i l aUf i t t 
•A^ Maiai^ faajraa upaaiaa* Jtaaagat tbia. aaladiaa 
4iaa ta vUraaaa mmm aajtiana 4aaaga ia and* Jltliaiiitbt 1^ 
?i«aaaa aaa iafaat tliia aiop, IwaaYttt I t ia a pxiaaiyr iMiat 
fo« oftljr 9 viffttvta Am«ljf no««io» l^ftiw^tiaitit sad l«Af«otifft» 
But out ot «ii«0t fltoiolo «8tttt« aasliiiMi t«fiii«Uoa (71*§^} of 
tti« / i « i a (M) t«poxi«4 l»jr i«a« it$7B&}m As ne 8irst«8ie issxJi 
has lH»aa o«»«i«4i ottt on %£dl« d i * * * * * imrasUgfttieA* wtttt 
tli«ftfoft» tiiid««taii0ii on th« foUoiHost 
S» l94* of ^ f tad of tilt diotttt* 
0« I&tutt Of tfantaitiiiofti 
a« Oiataofttxitatiofi tad idtatifioatloOf 
4, j«otatioa of toatott of jrtalataaott tad 
il» ii^wgatoyijrttt iattfatUoa« 
mimmMmm%fi 
^tv«fal plmt irlitt«t« lur* luova to liif««t iilA. 
Slti9 if«vl«t» «iiti»atlstt % «^» iavlaae^* itMf« tHi^  &»ir« ^ta 
iTomitd tQr iiif«et vm&^s b»^ fi«ttt««l at vtll a» «xtifieia^ 
QoaaiUoiia* 
QIialNuie mA UtffohmiAmgi (£063) d«»efilit4l m BB^ 
Iit^a* "lit ii2^ploB0 aoUoiNI aa Jfid vara aoaaio aottliag at 
ligat aa<l aaflE Ktaaa pataliaat Hiataid^ag aad dlatoatiaa af 
laavaa. 3 ^ fitaa aoold IM naa^aaiaalljr ttaaaiittatf to 
^^ «^ JHIflli ^x^« aaaalai aialaaia naaala* ia iafaatioa 
aaa abtelaaa oa Cfffty^ ^^ ^^  a^ « t Agaah^ g tum^ ga^ m Xt« t C^ a^gaf 
MMiMA i^) Mill* ^iJiia fatlifin^ u*t m f^f.ii« a n «^ ^^ 
il^fo^yl ap* at to aajT atbat i^%9i9B amtaiAa lagaaiaoaaa* 
tim flfma itad a ttoaaaal Aaath pa&at (S?£i>) 08^0, illatioa aa4i 
faiat iim) it if 900 aaa laagaritr JU JCUyfil ^ ^ajra at 
f-iO^C. 2iia nama aaa aaai ttaaMattaa apta i t paa aaat ia 
i;al4. It waa aaiai aa aoaaaa liaaa aaaala naaa (oaMT) ty taaa 
•Jaaa MBUXB to P^a^liff ^^f jf11 U* liaiaaftaa 
<lik« to i%9 c««c®bl«iiet villi gbA—ttlaa vixut X of Iftmox 
^littMoU of ^YMOti b««ii di98ttjril»t4 Hy Hola«» (1948) ia «««p«o% 
df jpl^ sTiiottl pr9p«fUt» UBS h99% sms^w 
'^XXllmMkA* (i949) ct9o«t«d a liotalo ai#«««« on 
^jrid oi^tiiv«f ^'•m imm loAXtk i^oh VIM «»ii8ia«f«4 fegr thm 
lu> ^0 m.tf9tmkt imm om^ an* to i t s pto^otion of looia 
looioAO Oil tooott iTttff* *3oaaUfi2X*# Mo infoxMatioit wast to»tfroc» 
ftittilalio4 fox Hixtiior €Siacftet««ie«tioa of tlio fixtto* 
ojivmotavii j | J^* (l^^i) xepof to4 a nooaio diooMio 
of *^fiOk gim^ owalii^ sottUng* xo^notioa ia si so of lewroo 
004 otaatiflg of plj^t* ^im vif«aa pcoilaooa oioptoae of ai l4 
aoaalo oa g. mmam* h*«f of ftiMBiatiM lilffaSffiOTlit^ft ^* i X«»^*) 
iaootila^od tiltii tlio lAmxm dh&m^A 4afit bsova ioeal aoototio 
loaioao aad tUt i^xao ooald tio ftooTOXOd fxos tho aaiaoottlattd 
Xoatoa oot oliovios i^ptoao of the oaaio plaat* Xt aloo 
s^ jpodttood loeal looloao oa JOJLfiMi MSkSOM **• ^loato of 
il* ^ttOf^if h* Tar* iBao«ooaff|^ ti«» Ji jyiiiyill i*** JJUAMJUlm ^•v 
Jiiia J imi i i !^k<ii* caiirDi iiialyiftjiiui U) Metx,, iitguattii 
i lHi t t iHi ^«f I * JOiffitt «^ Tafiotloa, a* JfttS^fii ^'t 
oto. faLXo4 to 4mr9X»p lyi^toAO «lioa iaooalatti aooliaaio^l/. 
fim fXmim w§m aoitlitx txaaaiattod ^ % i ^ ^ i^ ^^ a^ f aa aals** 
Mil J»lsi9 ^oaarali aiov* H M vlcua &ai a XIF 90^ 0» i»iP ixlO'*^ 
and loagtvitjr ^ MMJBk ^ di^ fi* C f^tMq^Atljr, i t dlf£«s«A 
aot only ia pl^tleal p£0f9xU«s Unt oLiw iioiit fCMS* i^^ oii tli* 
J la i* ii^W bowtTtXi did aot ••%i^u«!i ^« id«aititjr of tn* 
Xii^ iii «tt9f«i& til* ijra^tosii flx«t A^ p«fur«d in titt iexm of lii^lit 
and d«xlc gc««a piitoluit on tli« l«av«« n^eh latte beoam* 
dl8ti»ct*d« «fiiilcl«d oBd ti4«t«d witli poftlidb me mmpXmf 
•tatlUtjf ot tba aft«ot*d ^laata. A 9*4 ptir o«al attd 
ttfliaamiaaJliia was taeosdad* Out of tvm onitiTaxs/ftttaplaaaa 
taatad* oal^ f*S7 of acid ataontd aild i^ y^ ptoaat i^ la %*4$ 
aod 1*2 of attOft "taca taaiataot* ^a fiald of tiia piaata 
(va«* Sa^ 4i«>i3) «aa taduead V ^l*^ f*' **a^  ^*a infaaUoa 
OQimtxad at ficat txtfbUata ataga of piaat gxowtla. Ih9 
iaaidaaoa of tbo diaaaaa waa iai^aiy caatxiolad in itaataxa u*^* 
M&aa lia did aot daaaxiba tba ^l^aiaai piO|»aftiaa of ^ a vifua 
i t aaaa* xaaaoaabia to «»aoluda oa tlia baaia of ajri^ to«a aad 
boat caaga tbat i t xaaaabXad oxid aoaaio Hm» xapof tad ^ 
saabava aad iayabaudlmci Cii^ d3). 
HaoiBtijrff Vaxaa J l Al* C ^ 73} xapextad that titid 
aoaala aaa mM9 ^xoYaiaat tbaa #alio« aoaaio of mam C^  wbitafi/ 
tta«a«ittad vitaa) ia axid aaiax aatatia ooaiitioaa* 
Xa&Matioa oa urid noaaio ia Xadia ia ooafiaad to taa 
6 
iiMt tango «ft4 pl^«i««l pf09«ir«l«« ol tli« IK1«II« <lt««ffi¥«4 tif 
t M 9f«Tio)i» wi^««6 iiiai«A%« a <iQspl9s aatate of %hB mt^tAn 
ljilftiiiiliiiilff^tti8iwif 
Aa Atolioffato aeoottttt of ^ottiot surld vliav amAjr 
].«ftf-e«iiilil« «•• givtn j^r i«at (&9?&1i) tad iolt« aad Mta* 
(i07S find I97d) i^o!i i a botb vi^ «n4 eMd fffuiaaiiMiUQ. 2li« 
Hmi9 is iA&0tilPA««a ^IWMii 60-70®Of X«i0"** - IxlO*"*^  m4 
c««l0t8 agftiag M JdJill ^0' 3 and @ di^s at xmrn (e9«99®0) 
aad lafj^gacaUaa (5^0) t«Bftxatufa» xaapaotivaly* Baeeatlj't 
IMogta iwn) abowad i t ta U aphid ttaaatittad. St ia aivaa 
tm>m ma atadiaa aa fae aadaxtakaa ^ a t tMa fivaa ia aa«l£al;r 
diffa^mt tmm aaid aaaata viaaa. 
una Iffttli^Wtfl 
laaa (1980) Utat aaggaatad tiia l iaai aatata of taia 
di aaaaa* i«ataat ^^aa (i97ea) fouad tliat taa vima aaa gvaft 
aa wail aa aa^ taaa«iiaaiHa« Zt fto^aad dowaiaatd oacliaf 
of taa iaavaa asoaa^aaiad l»jr tolliagt twiatiag aad vaiaai 
ahlofoaia faiiaaad ajr flUiaiatie aad aaaxotie tiasa. fha viaaa 
daaa aat xaatalila utid aaaaia Yima ia ayaptosatoioiy* 
? (Ai Wl Itto* d tWMI 
Mafftlay aid laaaia (iD89} i^^^tt^i, *aitaha*a bcaaa*, a 
i^ « Mild* ll0O«ii«3^ f UAi9kmg jll jy»* (1973) iimT« Adu t^tft 
lb« iKL«ail ft»ttt«« of ttii* 4Ul««««« and aoootiiag l@ tbia 
a t^tOflMR* XiJK« l»»41«ii «««• fotiM ia th« ptiloin otXl« of 
9mmim p ^ l l o ^ id ' blaek girssa* la India (sad a ^«U9«8 
^«9A80 a««tdirdtn^  to Otoali mA itt^ eliaiidJmci <I974) and ndiieii 
aajT ^ oaiiisad dda to m^mpl&mm* 
^^* Fliitft 4alifl8llaii artitiijiiilfinBiltttali.gtiftltlA^ 
Utiflmii i 19M} X9lfing &tA^ oa aataifal fiald iaftotlea 
««por%«d aaaag oatajral otliaxa* £• AiOSft ^ ^ «(tae«ptl%lt ta 
OMV* fiaxoa (19SI) waa a^la ^ ooafijei ltlaoa*a ot^aafratiaaa 
oa ^ a aaeaeptilftlUt/ af ^* JKUilft* 4^ «ui«jr«t iAd Vad« (J1933)» 
HaiiaviXy m9M:9 uaaUa im aoafifs tHa t^mnXtm af tliaaa woitafa 
«ad faaad tHat twaa aaa tha osHg mm99^t%^% Immt* fiit vixaa 
ia aauaad bjr IUyBiB£ gffaifjfaif Balaaa (Bfaad A | j||*t 1948) aad 
ia iaaatlTatad ^««aaa m-^m^Q^ li^oa • li 1,000 aad saalata 
ai«iaf io* to liaaia jyi j U i a Int aat 3a tout a at ld^ O# flia 
n«aa la ttaa«Klttad l)f ^^kldat la t^aag^ tiia ogaaur ot M^ aad 
^•llaa* Bfaadaa aad i^ aaata iiMm) faaad tliat OMV fifaitad 
!># ^iaiaa C I9I») kaa flaaaaaa parllalaa at ffSO ap/18*14 aa 
af i^tata vitaa I tjr^a. Bia tltaa la «ilatad ta ^aUaa Haaa 
aaaala ^«aa aa H^aa fegr aaoaa»laaaalliir taata aaoatdlag ta 
0 
•SiSMSlBSat 
Mciciafii (1939) dMOflMA fellow notalo films on 
mmm l i&i^ iM»eQj;4iQi to b&a ooald bt t««iiMii«t«d to u«i4 lir 
iMt«IX^» ^fllftia MsMl^ ^^« ^^^ '^^ fl»9&aiil9all|^* la m«idf 
tl3« iriait ««ae#t i^stgHt ^«llo« mA tfiM^mi pmteimB OQ !•«•#• 
tiiliti o«ftaifi «ioitii« of motors. ¥ilU«fli j t | jyiL» Ciil^) 
f^««t«i III* •sistAfiot df ttii« inttts on ufi4 iifia«« aa^xal 
OdiiditioAS* Slt« irifii« is vatifsljr 4iff«x«i« imm mfi4 iw>«ti« 
viftts o« oast otiist vixasss xoooxdsd on tliis t^st* Oa th« 
basis of lossss i t is eoasidlstsd asxt ia ia^sxtaaoe to uvii 
aosaio foliousA 1^ dtid Issf-ofialds. 
^^^* ifJtiiiii,iiilttlftfil4afliiiiiiiNU^^i,iitefi..Millllftil mgifflUiHgat 
flisst iriciiots afs ooa^ oa iMaa i^s^e (^afQp»atla& 
fia4 ^ mciaaif l i ^ $ MossSf i@ia)i MaQ-jeUovaosaio (i*it«0Sf 
WMi «;a»^ &s#dc sad tadst 1^33}; tossa mgoss aiosais (Jtslsoat 
W9Mh ssYsts ftssa ttdsais U'sttss mM fatiao* i$@Q}i alfalfa 
a»saio immtti^x aad iad*» WW§ 1030; Eg»asjrsci 19311; fbosast 
19fti}t Qs«i>sa aosais (£aitt 1949; %«««ali i904t Saeiaai aad 
&aadastt«Mrf i9di) i %ssa xsd nods (fiieaas aad :^mm9yMt 1950) t 
iMaa /allow stiyfls (£ittuisjr«« aad 'J^ lioaaat 1950); luread bssa 
M t t l s vitas (Baadsajljl^., i9ftii Paataic* 1974)1 tobasoo 
«ii^ «<»S9St viftts (Ckso sad 2sHas/sx« 1998) i ooooaat s i l t 
i 
^ € i h OKXiiM atosftio C ^ v^a J l jik*» ^^^ )^ ^ ^ «o^dQO adsoie 
fjEon th« foi?«goifig i€ i® el«fte that tm^^t nt^taixal 
muMti&mn uiid i@ ifif«iil«d fegr 3 distiaot viti.i8«e atrntUst 
«o«iiet l9&ir*etialdL9 aii4 l»&lf*eiifl itim Xiidisi sad 14 aut ot 
fb Qthm h&tm vi!»»••• U»xmmM$ i t is also iiif«dt«4 «iiti^ 
msao^Xmmm and a jftlloti ttosoio of mai^ « I t indloatf® that 
eiaiiat iip^toat eoa t>« pfodaeed lir diff«f«at vijnaeM ea ^ « 
9«i« {)0st and tlimt iiiiglit ^ii9mmm$ in einptst&s do mt 
jsQedaaasiljr a««ii ^uit th«jr af9 ptodaotd igr dii:f«x9iit vitusea 
m^$ t2i«««f««at i^ptCMit aioii« Qt« m% m jf«li&lil« ^aais fo« 
m.it9M9tk%tmtim tte« diffctiot vixtt«a»* 
f«>a th« oatT% «&ffxiad out ^ tht «»ttiox of tUt 
viftifl iaf«ot«d ufid lialds and also ^ tlia s^^fta ^ diffataat 
mi^0M9 taat ia addltiaa to ^alioa aiaaaio of «iiag* lurid ia 
iafoatad Hf a aioaaio of a&iel& a i i t t i a ia l^ ioaa* ttiaxafatat 
to aaaaitaia thia %h» m^ttm$ ftada a dataliad atiidy of tHa 
aaaaia diaaaaa* bithatto aal pmpegl^ idoatifiad* fhaiafo^a* 
tfiia IbUoaiai aai^ aota waca atudiadt 
U fi«tta iaalataa 
£• Ohataataiiaatiaa aad idaatifiaatioa 
3* Jiatuta af aaad ttaaaaiaaiea 
3.0 
@« J«oiitM ill* to na i» iaf«otlftii 
8* 2eirtii»pa«&t ef jr«6i8taiio«. 
wMMmMikmmmKmmBmmMMIi 
of ^ I d tm* *t«'0* tKom X«A»^»I« liold«t ^oviai v«iiitl4o ^p^ 
of ii9a@io e^mp%Qm9* Wm &ff«oit4 plttiit* altd e&^ d««d 
&li«f«xiagf piioie@cl!igy aoofoalat 4i«lo«ll.oft and aalfojrmRliiiii 
of tli« %9$S Im^em* ftm »sp viui titcaotvd 1^ sstetiitiag tim 
4l9t«8td H t ^ «iawi« ia AiotHlttd wfttax i&tli t&o tuil^ of A 
m&Mt&9 m^ poeUo* Flaat i^«el«» kmyta to ffoaaet loocili««A 
imaoHofi to X0gm.9 wiMi^m® (Bee j l Jilt*f 30< )^ 9ot« atohvitioalljr 
iii0o»iiit«di ttltli tUt mm ifl fi0O0£A@iio« with tho atesiiurd 
l«e2iiiiq^o* OoUto ««« it»«d as an abttaaiva. Aifg iftoooiatloa 
ma 1.9ava0 wxm f iiiaafl i& a a%f aan of »ata« aad alagla laaiaa 
eiiltii£88 Smm looal laaloa liosta WMW »«lat^aaa oa uiid daxiag 
aaiittof aa4 ea toaaa ^ l iag i^atat lijr tapoatad ataiiaaiaal. 
iaoatiialioas. Faxiadlaal aiiai^a to «iaaca ooaaiataat iiatititjr 
aft4 putitjr of %i» irittta laalataa m%M% naAa tiolii aa laaal 
laaiaa aad airataala luiata« 
JUHBUyfftlw9BiiiiiiftliLBlllMiyiili MfftMUi 
oaa ctaa laaf tiaaaa ataoaiag mmtrnx* aaaala wimpttm* 
aaa taofttagHii aaaaiataa aitli I aX 0*08 M pliaaptiata %4tffax 
il»M f .9} im a atatlUaaA aottat* Stia aeataata aafa ataaasai 
liifaaili a AaaMa lajr*« mialia alalli aat aaatxifii«a<l at 
tu 
ift a i l tj&t «i^fis0at8« 
Plaata mmt9 f^et^ la aa«m«i ^«e <Nsalaiaii^ v t l l 
sisaorai doil ead Kept ia tha glaasliaasa at ta^eta^ta 
.weiae tot«««i 88-««»c AMBB mm.,* mi io-80»o ^ I « E . t . tn 
iidal»iia« JSatiag ffia@att tAiaa ^ a lisht ooaditioas aaea tatliax 
iat^aat s»;«lfic3ial i^i4ia@ aaa pcairi^S far a diffiaaaft light 
eiad tidmfieita ^lAm «ia%ac alghtfa ^ t ait&aat a i t i f ia ia i li«li%* 
(iiaaa taipacatii«a m& l i ^ t ooaMtioaay ia goaa«al» m9K9 foaaA 
to tia'va a p$i>imm&. effaat oa Hia gfoath of tha plaat ana oa 
%^ ^paasaaaa of vlfaa i^ptoaat tim aji^axiatata waxa aarfiai 
out at dLffaxaat tlaiis ot ttia iraiMr* 'iag» to tliraa «ai^ aid 
«l«oiau«l/ gfowiag and tuialtt^ plaata m^g^ iaaaalatad. flaata 
w*% aatataa aa asA Hioa aaeasaaty* fHa ctiulta aaxa g«atjrailjr 
taoofdaA 4 Asgra aftta iaaeulatlaa oa a laeai la«laa ^ o t aad 
^•3 aaalKd ia aata at aratoaio noat. fan plaata af a arata^a 
aaat aai 10 ptiaa^r tmmwm 9i fuaft ci»-ifoa^f t^ tg^gftiiqiobm i»« 
(Saaa.) (a laaal loeioa ^ot ) aata aa«4 pat tcaatnaat ia a l l 
ta« asp«ffia«at«* 
?lin4fali Mtaiitttt t l , l i i i f lmt la Iht §« 
fhaaial Aaatk paiatt r«o al 9i tlia •laaOara axtxaat ftopatad 
ia fbaiq i^iata imfirox as aail ao ia 4 iot i l la i aatat vaa laiJaataA 
X9 
%9 h§mt ftx««ls«iit IS&f 10 ttinttt«« at dltf«r«i$ tMi9«f«tta««(i 
totX^wim tut pfootflo^t a^l^ttd i»# MB MM J l * (^^^) • 
m f t l i t i fB<l gtlil» *'»«» «»«• •««» «»» «3itt«ett4 ffo« gmm 
l0«v»« @«vet«lf affoet«4 «lth ootale* Wt §w^ mm mhimet^A 
to Xm @ t^«4 otntitilUiaUoQ. 4 etclea of Ollutloas W M * 
iftttitt iii a»d0 1 ptoB^ {&e«« &aff«ri! (pH 7«0> as ««ll a« in 
aiaUUeS wm%m &£ %^ mi^^mmtmU a^ iaofiKilatioii* »•«• 
^ii« ^%h on a looal ana a^at^ie lioat slatt l i^ »itli tli« 
9m^%9 liafring lilgi&«»« dlitttioa ^olloiHid h^ %h9 aoapla witii 
m« mM% MsHtst ^ilntloii and so on, fha «t«alt@ indioatad 
a tu^mwQ, ssme of dilatloaa f«3S aliioli t&a «xae% ailutioa 
«aa poi&t mm ii&tXl^ diatafai&B«a* 
LoQjgfmfg % yj^ tgqe & it to dilution of Itw owsitxilugad 
alaaAafa «xtjra«t pf^acaa in 0*03 M |$fiios^ bata %iiff«f {pd f»0) 
aa iMil as ia di@Uli«d »aia» was stofsA at coott t«ipa«at«i«s 
and at iS»7^ 0 ia tiia cafusotatot. Mi^aots of SOD «axs 
iaoouiatad at diffacsat iatovr$^« %Qtb oa a s^atsaio and a 
loeal Xasioa boat uatii tlio sa^ fai i td to ia i t ia t * iafootioii* 
tat ptasaaaa of tiia l i tas ia tbo disaasod itatros dxiod OTO« 
aalMrdxoiia aaiaiaa ^lotido aad tofit at 3 7®a was iikswiao 
dstssaiasd tif aaoosatUi i/d g o«is» ioaf ia i ml piiosptoto 
iHAffox of tlio aaao stjroogta* tim iofaotivitjr of tHo pturifiod 
l^f^ajratioas stsxad at 0*0 (fiosoa oooditioa) «a« dotoaaiaod 
as d«sa«iiod atovs. 
u 
ffiifitfflif I I I J i m PHitiTil4aa 
¥i«tt0 iiif«o««d ufid lL«a¥t6 »««• findljf out aaft 
•vtnlir ijpftfti o¥«« • niton fn^so ko^t on & Xttgt^a of aai^dfous 
ooloiaot oHlotit* gfanuloo in a liuego oieod pol«i f l o t i oaalod 
niti^ a oollopliaBo tapo* I t » ^ Icopt itk &> fotrig«t«t(»t «t 
^7®Q ioc i mmk. tim axi«4 oxigp- a&tofiia mm %ha&, 
«£oast««»oS to a flook oontaifiioi o«a.oitia oltl.of£<lo aoA 
9«^ air«««di Ojr ft oadl 0^ OE>t^ a «oo3t* l '^ i:i«E«ic mm U^tl^ 
otopf orod oftd oloxod At i»7^C« 
&xamiaatioa of tpidomad otsl^o f£oa l«af» petiole 
oad otoai 90C0 aiido iS»i3 ds^ o of tec iooealatioa fo£ indiuoioa 
Idodioa mio^ ittbiO'-iluecto* ® (:U i^8) aothod* 2h% strips ntso 
otalaod ia 1.0 pof e«it puioxia pfe^atod ia $Q p^M ooat 
alooHoX fO£ 1 botur aad oxfuiaad tiad«« th« U^bt lalofoaoopo* 
ifftfgl ittf iifllbMigiftliiiiillitH 
gjiaoatii^f ^tti(ffif8 aoesaooa'o 0 . 1 1 p!)0« !^iat« tetffoi iraa 
pxofairod as dtaosi^od Hf aost^at aad Hoitaot ( i fda). mo 
aolatioaa oit O.i M dlaodiiia ^diogta ptioaphato iHag MPO^  Si£|^ ) 
aad 0*1 M fotaaoiaa dii^dto^ta iplw^iMito im^o^) ««xo aisod 
ia ^0 «atio of 3id« 
1« 
aijwd vitii 0«g II dlio^ua tijr4xoK«a plio^lifttt in t^ uaX 
piopoxtloiis* 
tijraxoe«a ptioeptiat* ««« aix^d with 0*1 It ol^flo aeld In tht 
ratio oJt dS*3S an to 17.0$ a l to sake iOO aH of tlia tRiffar* 
2liM nimiB axtfaats «•«• pfi^ajrad la aix 41ft«x«at 
aoXaeitlaa ot ttia l»if£o« fiac^ lui 0*Olf 9.03, 0*05« 0*07t 
0*1 aad 0*2* Eaoii aaetcaat «ao aaattil^«& at 5»000 xpm tot 
10 l o s t . . «•< .«.r.d .« * t . f«<et» ( . of e-7»e. loooalatloa. 
vaca aada af tat l and @4 liottxa on ^y^c t^^ ei^  tatg^onoloba. 
A tmiH» aoltttloa of 0*03 1 potaaalua OifearAiagaa 
pboflipiiata aao pfflpactfl* Ssepiaa of baffaf oolutioaa wf 
adjmatad to dUffaxaat pE iraluas caagiag ftoa @*t to 8*0 tyr 
tlia aAtLtioA of aadliui tyriTOiida (HiOB) and l^dto^ilocie aald 
(HOL)* Ska atoBAacd axtxaat of ttia vitaa «a» pt^axaft Iqr 
aaaaiatlflc tfea 41aaaaad Xaaraa la tlia iMiffat aaA Oiffacaat 
pH Talaaa w^f adjaatad* Xliaaa 9ampl99 ww aixad wall aad 
iana4iat«ljr aaatcifagad at S»a00 jrps f i t 10 alaataa to xaaova 
tHa liaat aatajrlal* H M a«iplaa Wf atotad at S f^^ C aad 
laoaalatlaaa WM9 aada aftaf 4 tnaxa aad 4 dajra ea caajr* 
u 
m^m QlA eaicoet of ^li ldt wm nasi f^c fj^aaniftatoii t«8tB« 
f£ur#« Slff«fim$ a9^i^0 via* «iff«t«a«ial o«ft«tif^«tioii 
Cir«ie«« i94$ti> 194i)t ^ t ^ o l o«it%ciaiift«loa (loUiags m€ 
m&mt W$%) oEii Iwat Qddldfagatlott (af»gi»i and SelmUt, 
t9i4) ««t« iaflo|r«4 ISaf %&• putlfio«$idft of tfeit flftis* Oiil^ 
^oiMg 3.«4iv»« f JTM tiM itto«ia.a««d ]ploat« of iuri4 troiiolir 4'tt8»»i 
Aowli^ •€?•«« ttosaio ir«^«da« woe* Iia4nrt«t«4i ««o wtolco 
mfiot ittoeiiliitloit. Hio ostxaot ^ftt tai^ltofoA to diffofontioil 
otfittiAigAtioa ift « ptopaiativo fattaeoAttifiigo <B««iGi«ii» 
%iaeo ao l^ol !»)• 
»^ U l l t l i f l t l l i l itfttlltfUiillLii* 





&«[ili«if)if« m ^f lui l t t i , ,IQt8§9 Kffl ,1 ,i„„y 
I 
C£taitoir Itufotiill itiatSAa £t.lf*i? 0ap«« Ho«l> 
i^fOao 41^ I 
I r 
|«««Cl»fify 13 !^f iatt«, JO.000 i?|ai 
G M l f i l ^ t * 90 BlWIttM. I 
8i ,000 f f i l * ; 
} I r 
^ • l l « t di^«xafttaat 4 i M « f 4 
« 
; iHiff«t i ^ 7«o) 
! J 
rxaas AUIUOS p«u«t u—au 
IS 
liif £^Uifii« tn^ B%&U9 (£964) ajioitt tiMit tb* 1l«iiVM «tv« 
boffioi«si8«i in 0.00 n i>lK»aplNi%« t u f f M (pli 7«i) eoataioiiig 
0«i p«t tt«it thl«g3.ydolUQ fttia «ttfl ftluit to ttM «cm4« 
H i t f a t « obt«liiftft tli£oag£i sut^i^j elotH VIMI A4<S«4 8*3 p9ff e«a« 
oold £r««liiitaiio3.* 4f9|> bjr 4«op* t^ds %•» «li*& •t»f«4 foi; 16 
li9«t« at 5*9^0 l>«lbc« osffJii'iiMI oa« a i f f« t ta t ia l ««a«ciltigaHoa* 
Wm ffi^thod 4«toti1i«4 1^ GJEOf fta 3114 EflttHIt (tm%) 
X&g tii« puxll!i0iitl&fi of oou^oxa %««a aooolo nctto w«» ttot4 
i&th tfiigbl aodlfiofttlofto* 1 ^ ilxtto iof«ot«4 lo&'foa v«s« 
MoiMioMsod io « Wftfiag l l o o i t f flith aa oqtifa, Ci»/ir) Moaat of 
0»O5 il plkOii^ lMito i»ff«c (pH 7»@). fha axtfaat »aa liOftto4 l a 
a ooaatMt liB^tcata«« aatav hmth (49^0* to oiaataa^i oool«4 
i M i a i l a t i l / ia4 aia«ifia4 ^ Itm •p«t4 ooatfilUgaUoa* m t 
alafill.a4 aoaogaaataa vaxa f l v ta tm Of^oa of 41 ffatMitial. 
•aatfilkiiatiaa («9«00a xprnu 90 alaataa aa4 lOfOCK) iftt* 10 
• iMtt aa)« xaa paXlota fi»tt tha f i t a t ar^l^* ^^^ taaa^aa4.a4 
i a 0*04 M i^iiai^liata Inurfaff (pB 1?«4)* Px^araUoaa tbat WIXM 
gl?aa taa a/alaa of 41ffafaatiaL aaattifn^atlaa, mm a4itiata4 
at pa 4*0 aaiaf 0*011 flOl aa4 aaat«ilUga4 at Sii,000 Mpm UM 
m aiaat aa* 
t» 
ilie iaftt«xlaA ia««A vat 4l«««at4 l«ftf oaA piitloU fox 
dlXMt aoiuit iroUo«iiig tli« «««to4 «top««A Hty ataadM (1956} 
mA puMiUtA Ylftts i>fipatftlldfi ia a»0^ 1 i^ botpliat* %ttff«x 
(pit ?»@> «iid 0*01 ^ flBSsooitia iio«tftl8 bitfftx CpB 7*0h 
I«gfttlf*» ettHolog vas dea* 1^ ^ utHos « ^op of patifl«4 
pfil^atatioa on a mppm gxid with a ataxilisad platiaoa aaailf* 
& miaXt d^p of t p@t oaiit pli^^botttiigisetio aaid e« 1 pax aaat 
uxiuai;^ ! itMraata (dlsaolTaft io ^ a t l l l t d watat) aaa plaoaA oa 
tlia g«id and atalaad fox &»^ aaaooda* S?l3ia aagatival/ 
atelaad px^^avatioaa mz& mmadmik Xn ai>MUp*a {M 300) 
alaotxaa iiiai»>a9apa* Savaxal gxlda waxa axmiaad with 
diffaxaat oaooaatxaUaaa of ttio flxna* 
i^ lixaa ltt«xa@)iamlax iajaa^oaa of & AX •Mh of «2ia 
fiixlfia4 pxapa»aUo0 io 0»8§ p^ x o«a% aallaa vatax «itl»a« 
adjuviKit aaxa glvaa at va^Klf iatarrala f»lloiwd hf tao 
iatxar«ftaaa lalaeUeoa of iVS a l aa«]& aftax 2 «a«lca« at aa 
iataxvikl of oaa waali* Ilia xa^ i t aaa blad aftax % aaak aai 
aatiaaxaa taata* aaA atoxa4 at a^ O* 
dOaxaplaat agglutiaatlaa aad pxaaipiti^ ta^a taata 
wg9 paxfoxaMi aitu mmt^L^ aa« puxlf&ad pxapaxatioaa. Pxapax 
m 
wntml* m •aali I tst «•#• ia«l.«d«A t» •amur • tbat tii« 
fdt&Uv* ff««fttida« ««f« iMtwita vtjmt aad i t s «atite«j« f««t» 
««x« fif«»t«A ana oifftfttit «dfio«at«ftti$M ««f• tt»«d t9 
«i««ttii&fi tli# a«gallvt c«val%«* WL 4iltttioaa ««t« a«A« la 
pt))3r«lolf)gi(»aa. siAioOf 0*9S 0f« «itt« midiiKi ^iloHA* in 
^ • t t l i t d wat«x« Sitf* of «ti« aiitlMiiMi wa» A««tfaitt«a hjt 
s«kiiiii tiio«foll4 ^l.«tloa» of ^ « ^itiootnai* 
IfflWiwrflgii Ifiwtta m iit« lift ayytolt latoaul ^* 
flio oiatiieo of t&o l^iigiio «ao oUtaiaod tx<m *fua9)»>%* 
•azioV of afi<S. Zt woo fHf^ox esilliiflioA aad aalntidlftoA oft 
boon Yaiietf ia|a«li*@« A too to tlitoo wioH o34 ^iltott ««s 
tto^ £ojr lAl tHo iaooiilatioao* M otoadatdieo tiMi fUagao 
iaoottHatioa to^iaiqpiot a loaflot of ^o Idfol iato Xoaf 
tteifo««l.^ oovofod »it^ pom^^gf mlMtm o^ oxo mm»9 «aa AividoA 
iato too oqrjftiX loagitttttai^ iialvoo «od oaoli &^f «ao aoi^ to 
iftoOtiXato iiagla loaf^lot of tuo toot plaat. Birox/ oaco vao 
takoa la Ittoealiitlag oaali Hoof ao imifoiMljr ao poooittlo* 
Taffloao jriitlA ooatx&^tof/ oliafaototo iat^aiiai 
poao/pXaat« ooo^ a/poA aad «taia oo&flit ooto oaalirooA. SHo 
f oxoiatogo looo ia iri«l4 oao oaloulatoA l^ r tlio IblloolBg foiwila* 
^ «• J B I jc 100 
a 
«boto Q « 90X ooat jrliiA looo 
a • avofi^o j r i i l i f«o« a iMaltlgr plaat 
h • airot^o fii&4 fioa a HooaooA ylaat 
n 
Bmm^l J l jht# (1^^) and Ol«t* C1934) ««f • tuploartd* @ii«f 
^Isoigr l«sv«« of ttossiy stellcur «!»•• ««i« a««i ia «il% ^ a 
ai^a^iiitata* ^ l t f i fol iata laaTta waira clipp9& off a Aar 
Hafata iiu}oal.attaa, JiXi iaaoalatlaiio aata aaia aitli itiOO 
il laUoa of tlia atanAatd axtxaet ft^asad la O»03 M ipiioopltata 
Ittffat Cpil 7*^) ^aaiaa tHia aoaeaaltatiaa gava oaoate^la 
at£t)Mf of laoal tofiloaa* !»« ^ i^ ir^ atnaiae* an a^al lUiailMtt 
of ttllSiUata laavaa aofa oollaataft £xm tba oMa poaltioa 
of till Ilia tetoft piaato* poolad and aaigliod oaA ^ a atiAiaid 
aaliraat aao thtm ptii^afad* M.I oara waa tiieatt to iaeealata 
^ a taat iaavaa aalfoxaljr aa fa« aa paaaliaa, A aiaiaaa of 
10 pMlsmgf^ laataa of itaac wata uoad fot aaaii tjroatiwii* lot 
aaiaaiatlaa of lahlliltloa patoaAtagat tiio folloalic foxaala 
liiata» a • aaaliat of loaai laiAaaa la 
aoataol 
h m auabat of looal loalaao la 
ttoataaat 
l a atlaat ai^flaaatat vluixa aoattol aaaXd aai %• aolatolaodt 
tha ttaalaoal fl«l«s %iio bli^oot aaa^ot of looal loalaaa aaa 
8 i 
iiitilt»itl#ii «f %&• «l«ti»« 
JIte&BUtfiftlwIliftiiiiBt iiiiiiitfft iiii MlUftMl 
«9«d8 «•£• f i t St •oek«d id ««t«c fos 4 lioiur* Md 
aft«« mm^m* ^ ^ «itci«»t ira« p<«pftfoa ^ fi<adiiijs ft s i 4 i « U l l « i 
«ato£ t@ s w i ^ gt«i mtd* ft% miktm%9 ««i« ftoiuiA la a 
ftoftax MS pfasaaft out tlifotiilt a dotibia Xa^afail niialla ala^» 
Slia axiuraot at i t t diltttioa of ooaMaA and gacaiaatlag aaadi 
mm emtslifiB^ at 0»oao f|tt Ibf iO maiitae. Vafiaaa ^Itttloaa 
of tlio aapaaiatmt «ata im&e vitti fttatillad aatac* 
A thxaa «a«& old i&mm Oftltusa of M f ^ * ^ f ^ ^ * " 
MMSM ^ ^ ^ aitFf • i^aii ia goot gxowtli oa potato daxttoea 
asac «aa uaad* tM aoatiiita WM9 t^mJium val l t gfoaaft la a 
woxtaf aaA ptaasa4 oat thiaagli a 4ioaM>a lorts of 9k99— 
olotit* tua asttaat waa tnaa «aattlfu«aA at JfOOO xpa fox 
10 alaataa* Vaflaaa ailatloaa w%f mmi9 of tha aapaxaataat 
l l # a 4 wltli 41atll la4 aatax aaA uaai aa taat aolatloaa* 
tJM Alaaaaa aaa laAaaad t^ r tlM l\»llo«la« aooia* aliloli 
l a a tikight ao41floatloa of tka aaola followad lijr Jiaaa <197<a) 
fox axl4 ttottla irlxaa* 
u 
Vt»jr Milft <» Stiooail9l«aoit« !M»«le tt»ttlitti» «ltti n» Ann of 
v«lii «il«afiiig ox fiftjT iofodfttioR ot loaf l«ila«ii 
vaxidljr HigiO f^ c«i(ie%«iit« 
i i l 4 • feint oooaie nottUflg ttitti Aigiit v«la oloaciag 
^ t no ttign of Mi^ otbox loaf AlmonBuaiiti^ i 
•ttxtotjr xoiioiittit* 
lo4««(i«« • lo«tio atottUos «i1^ i^loxotlo i£t«pil.a« and 
ifiiads^loto xifiiftt vtlAftl <^oioi^t of tm l « i i i % 
fo« tifO£oUe ^o«s asa idigiit diototUoa of loaf 
1.83ilji«$ Taxioty aodexfttolf xoilstaat. 
atroxo « c f^topiotioito sooaio t i t l i dlotoxtioa of loaf 
IliBiilAat niilfoxiial^oa of Eoafoot otfuxo Toiaail 
«lilQfo«la« lyralialo tt«oxeai«t otiuilittg of ploata 
and f axtiia 8t«xiXit/{ vaxialf •odoxatoljr to 
M g ^ asaoi^tiM.o« 
9t vafious ftlM9« A t ^ « oiT isiottiiiii eliae8et««i8tio of sotslo 
ia gfattal* B»^S««t tb«t» Has ooiialdaxa^l* 3 t^tttK««iait 
i>U»t««lfis ©aS aaoffoaia oa l^« l«avaa oaA %t» laaf «&at «aa 
««{Siioad m atHipitfad to tik« i ia iai^ oaoa. ^m yffaottd f loat• 
tflsttiaaS eaaiisifatlvtl^ a^iataa. Xa adraaoa 9oaa«t tiMi plaata 
etio9«d «i!^fojaiad iaHaxaaoaatt* tfm aiaaasvd plaata !»£• 
I»a4a liilob mita aaail aad ftmur ia ii»i1»@« as ooa^aiad to 
teoaltlif oaaa aail iioto aat idlllod* 
ififtiiliKft l a a w l i t t M 
'Ilm vima «aa xaiMtttr tsaaaolttad to ofid vat* !«^ -0 
»aaiiaaioalljr» ptodnoiag aaasljr tir^ioidl aysptoaa aa atfa foaad 
ia aataxa aadat glaaaHaaaa aoaditioaa* 
• 
iilliiS&JiiSBIilliii 
Sap iaooalatlaaa vat a mmlm ftoa aaaliaaiaalljr 
laaoaHatat flaat oa oal/ tiieaa ylatt ojpaa&aa aliioli ata kaaaa 
to )ia diaiaaatlaallgr i^^ttaat Ux tlM looal laaloa taaotloa 
m 
Off^iigiia alfl^in^ hm» and i»^|^ii^f |f|i3ymi,.« iu* ftodiiotA 
fililiMr«tle AOA a««foUo leoiO. lesloii* ea ^ « ifioo»lfttt4 !•«•«•• 
8i0»attd tap iasonlattoae 6/ ftli^lt ieeiil l.««loii iooXftUoftt 
f«da gttaf alvi^s t£o«lito«d looai l««loott »ul^ on gtiftf ^ t not 
o» J* liiiHallftffifalti «»«11* lElfiMait «^l« fiiailiar imxsalatLoii* 
tcoa Hkii I t t t t i f t«o boats f«tl«4 lo i^ «oati«t losal 1i«^ott« on 
gvmx, Si^ iQnealfttloas fxas gEae pjrotfuotdi «ippiiig»» aotait 
n^tb ^il^iotie ciago sad t9iaal <^dfoal» aad a«iifo«ic oa 
nitii irQia«ol«ii«iagt olilovotio m^ atec^tio t^ota aad l»liaff«iag 
oa tlia ti ifoliataa «•«• ptoduoad oa th« «aaa lioat* A f«» 
aat^^ata xalatd f«o» Ilia aaada of tiiaaa arataaiaall^ iafaotad 
l^laata did aot pvo^at aojr diaaaaa mi^toaat iristaxaaa aatda 
^%9h ««xt a^lXaotad ixom tUm amtmtill^ iaooaiattd plaat 
ffoiyioad diaaaaod aaadliaga «s^«ifig aoaaia i^tli VllmitmMim* 
diatotmaa of laaf laaiaa aad pattial atatiUtjr l i t t i 
iaflof aaaaaaa oUaagad late loaf l ika atttioliurao. fHa aap 
laoealatioaa ftOK Ilia diaaaaod pl«it xalaad tturomli aaad 
fallad to pfodaao looai loaloaa oa ptact J» fiffag^^eaioy aad 
fJlo 3 laolatoa of tifid aoaalo viiua ajrMttaxil# aaaod 
aa V^ t fg aad f^ km Waa aaad ia tho pxoaaat iaToatlcatloaa 
Sd 
1« Hxid aoawto f l t i t t imXm%9 ««i««a incottgh • • •« !«« 
did af»t Moot lG«a(Lljr ««• itw«S *?|* 
£« Odd aosalo iritiit ito&At* pffo4aei»g loool l««10At on 
A em^weimn of ojaptMio aoA xowtlto of liool foao^on 
p«o^o«d ^ ^ i 9 i^ la too aio ^maxlsoi in ^mVk* t «ad tlio 
^gmptmm on «»«• of tlio lieot plnat iipooioo sfo pc««oii«o4 In 
I t i s witimt ttom Salito t tkmt alX tlit 3 ioolstoo 
i s f ootoA P^ftOfli^^ WiMSSL* £* JMIiiUI OB^ £« JldiAllA* ^B 
ftdAlUoo ¥^ iaf«o«o41. iggft i t l .MlH> « ^ i « Vg m f ooto* 
i,» I H i l l l f l t H l i H* mi r^^o> miryi^ff^iaa IttffflfliltUHfl ^^ 
J U i i 0P9*ff M A r . iafootod Ohonft tttdUm 0PP*f QgotttlAgta iiiaooit. 
^Irolj ia mUl, ttfffrTllll i ylfboffu ^^y>^^ttfc ly^p* ifl4 j y a U l ^ P * 
I t i o Oil00 oloot tuat tuo oyi^^totti ptedttood kgr o i l tiM 3 
ioolotoo o« iiffotottt pXm% ipoeioo voto tiAlto dlooisiXaff oiiA 
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^^^ ^^T ^JB 
• *>» m m 
• I« 
li! 
• • s 
It 
80 
Yi«tt8 l « l l a t « ^i on i>hm«0al^ii^ ittliSt ^* * ^ ^ * 
i t f «flial 8t«jiU%« liosaiOt puek^Hm ®aA 
Hi*t««l&g of leaf^laaiaa* 
2 t 3«v«t« aosoio 00 *rti8a»t* 
3 t «)OTo«o ttottie oa * >'^ * 
4 t aovoft aiosfilo* distoctioa of Ieaf«>l.»iiiat 
T«ifiel.«'0£il.offasl9 m^ v«lQal«*aooxo«io oa 
§ s Sov«c« s£08alo» aott«8 lUstoirtloa of lomf* 
Iffiiaa @ii4 •8lflt^«*oliloJi08la OQ *4^* 
6 s Vtla*olea£lQ|i siiaale iaeoupXelo ehXuirotlo 
fins8 lit «acl^ etago of liif«otioa oa 
•,s>U88f»l,* 
7 I iiitstlaot ohlofoUo Jdiiga mx(k t^^xk^dlemxiog 
3 I XiLstlaot mimim* ixo<i»e8A on tho 
iaOOttlatOd l8aV88 i»f%8S a<»4 ^878 Of 
iBootaatioa Oft *^9«r»l*. 
PLATE I 
ta t i««Mtl« i M t l 1««I«MI • • VAX M 
l«ifct«t itfr •& • • £• I t M i f l i vttt* 
PLATE 2 
Jtt* t flkMlt WHili^ UHMMHI dMMMiW Ml iKNHb 
iymm i i f f i t ) 
' MMI' <W.wl>ilBI>ii ## MM^M& liMiwu #C 
•« 9fiaM9' l>««PM • ! * J U M i It f i t H i <^ 
t X 
PLATE 3 
t V * M 1 « •« XiMMlii timltltlUBI ^Mt* 
£4 I JfoMit OA £• M.M1MI ^* 
Si t 1114 mi •»iiim MiMi« Miuiag M4 
i l i l » M t l « xlagA 0A J l i i l L j y u t t l l i i ^ ^ « 
VAf* *9m9m l a f f M t l * • « Ibil i t r t t 
« » M l « M A i i a « M t l « XiAgA AA J *^ U M f t 
TAX* *9«Mlf>»i* OA tiM X&«Ai« 
C4 I IxLCht XAllAA tPAtA M A pAttlltS AA tll« M < A « XAJLIAA liAtA WIA pAVtAtS AA 11 
Al4 lAAf 9i Aii^al^Atip I f fHi l f f i f f i lM 
Btfft* Aa4 AAtAlA AA OMI jAAtg lAAfT^ 
PLATE 4 
9%amm§^ iMpati iMii 9mm«mm. 
SS9 """"^^^ -i»»"»»iW 
sit MMhum'ttt' 




B«Mtloa of like f i faa i m l a t M on mm9 «onu>A lioats 
suoli «• iNittUt ujrid and mvm «A@ diff«x«it as alao tlia boat xaaca* 
Flanfi m»taiaa lilea MffjU f^f iu^pgaaa i^ «, ^agti f 
XS^ li« wata aot infaota^ ©Ith ?«, fg. aaS ?« iaol.mtaa ana OQ 
viffua 001114 i»a xaooiraxad imm tkm* 
m adOllloii, th© ?g aid not liifaot .^llfimtglfflt 
diobotoaa aad toid% ! • iJlSXiSii ^. r&x* oi^itata, tfjttjTalii 
|*ytaa^ift aieag^i^ @taaai.« ||» T^lfiHllffi Oax*« i«tt%y«ia 
J i l l l f t ^•i ItSUft ay^antiai Mil l** jglJUtt BBiifll^lflliWt ^•t 
%agaa., £ifeiaU M^HM Yil«M IlttltBlOii illftffiBlg^Itttt ^ 
vat* iJltalOf J *^ ^ftft^i^yff J .^t £ • l»tliy*ii i^»« L.» £ • luaataa h*t 
i>h]faalla ^^^T^f'^ft lyr4li*t "*»>«»«''• aatimia «i, . Kfabaala 
ffHl^d|najfa Fa«a*f J i t lMMI I r t t l i l ^•t jjalaaaa BrtBMfflf ^*t 
9m 
JtA i m *»* ^A MJUAM ^*^«a« ^Aot* «(i<i a^ ficii« 001114 Ii9 
MB &IHIW8WIMWI 4£lMftSnHUI* 
^•vwitcm vaii«U«» o£ ^«ii »•«• iaooiUlattd fox 
coaotlofi to ^9 Hfus* flio tooultOf givoa in f«l»3L« @ o&ow 
tHat i t pco^ooA oAljr toottl lo^ofio on tho ifi9onl«t«4 ptlsur^ 
IftOiiros of Blttko Jui^ Of ^^qpftf Ocottt ioct&ofHi ^ight Hod Ki<Uiojr» 
Ba|fiato»i m^ sod Si^o^r naA no iflm^m oomld b« t«ooirofo4 tmm 
timlM tUfoUatt loat^ oos urotittio iip^totts oa @9iitoii4ttf 
eoc^QttXtaxot toojcl Gcoofif Pusa f arratif BtJEifiil.oo8 M A faido 
unSi looal Itaiofta oa «alX aa ajratamio ajrasitoaa oa Kaataeiqr 
taa^Xf aoaagoii vaxt i»iatOf ia|ftaii*S aa« Saa tar* Yaxiatiaa 
aaaaaptlbXa to oaijr laoal lafaatioa WM^ laaRtaa ttom ajratoaia 
iafaatlaa aaA taaaa aaaa^uaia to arataaie lafaatioa W9M9 
aad W9M9 aat iaaaaa ftos ioeai iafaatioa* fHa iaaiil laaiaaa 
i99aaxa4 3*& dajra af iaaaalatiaa oaA oaaaio aftaa a-io Aar«* 
2lM iafaatlaa Yttfiat frea iO*IOO pas aaat* 
I t ia an^aat tliat taaatioa af tHa vlxaa aaa 4iffa«aat 
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fti y&iiitlim i i iwi* 
m Hot SM l^t 39l«l« $m$»B 'dm$ S«i*3f <B*l9 l^»^  '^o« 
JlSi* iB$* 3114* 44«| mU ^ i » @ait iX7* 633» 093 aaa i066 
«&• «t«of dtd itftdvf iurti£iolal iii»asiXA«i9a8* ^X tlit ir«eiftliM 
ipif ^ i «i%^«tmloa Hf tut inxat a&4 inf totiea «IM itot« tiiaii 
^ S«t OMt* lti» ipiptoae »«t« olid Oft SO 0Ma5» ifi%«M«4lfttt 
oa Ea naasx, BQ adiei, i^mg 09i«a, oo i^* f i«9 i<»« xs4, S83, 344, 
&ax» eoi imd 8«ir«t« oa «'M Pot 444, 48X, 41?, S3S, 898 ead ]04i« 
f i f t t t a iPtfltt i tt of totptt um^lit O^tt l i t 
OUst t l i MQ^U^U 0»i5St 07f* rs»48i 2«tf l Qtmt ^^9 ^ ^ X0»78. 
ao*@-i0*IX-U2, %^*it PtXt &ftjrf J^att Buwmmtit f a t t ButtatI 
Attttalty ?mta mt&BlU aa4 fata Sataal t txt laooalattd fof 
ctattloa to mt vixttt* HI tlit Ta i i t t l t t wttt foaad tattt^titdt 
ta4 i t 9Xo4iitti aiX4 aaA toattt Igr^ t of ajrttiaio aataio 
•tooa^aaltd altli aiautt t l i loft t i t i f t t t ta4 Ttla^tltaffias iHitli 
tota 4ittP9tatt4« Xa a44itita« i t pxo4iitt4 di t t iat t siaatt 
ttiXafo^t l i a i t OA Ytxi t t i t t CUtaaUi Oidt» Off, M9.^X9^il*l*Up 
fata BttXtali ta4 fata lx>fatXi* SUt ttTtxitjr of tyaptoat di4 
att vaffjr a «xtat 4taX« £t p«o4att4 alaatt a t t r t t i t ^pttt at 
«4XX oa fata la t ta t i aattat* tk» i a f t t t i ta att ^tatoa 80*90 
ptx otat. Xt «at MiaiKM ia Xtaa 4tty aa4 aaHaaa ia Off. 
89 
epffoles Tis. ttjeld traif* ivg aa4 ^ati TOY* a>at«ad«ir oofiteiia«d 
o«y0tia.lia« iiioltt«loii8» Sliest »«ft aof« eltajriy scan in 
tli« opidtjEBiail p9§Xio$B tmm leaf than at«a ox p«tiol«« fli« 
oxyataaiUfso iaolaaioaa »«ir» atataad tofight jr«a» niiila tlia 
auolcd waxa d%alat4 piak «l.tti i p^s omit pUlox&a* tlila 
Oiffaxaatiatioft gcaatl^ faotUtataS Ilia dataoUoa of iaolaaloa 
l»odie« tiMob atf t aot aa«et la tim a^iipa ism tha liaaltiiy 
plaat^ a* 
A OQstpaxatitra data oa tlia f^aioal pfopaxtlaa of 
tida aoaalo idfaa isoiatasi aasi^ axiaad la faUa 3 oltatly show 
tbat a l l tha 3 iaalataa dl ffacad gcaatljr ia p&^aioal pcopactiaa* 
m alatiotata aoooimt oa tisa ptyralaid pcopairtiaa af 
Vg iaolala ia plaat aipt givaa ia laHaa 4» 9 aad d iadloata 
that tha iaf i otivitjr af tHa vixua waa highM ia plioaphata 
buffaf fiad rataiaad i ta fifulaaoa leagaf tbaa ia diatiUad 
aattf. 1% aaa viabXa ia t M daaioeatad laavta airaa apta 
30 ttoa^a. 
fal»l.t B, f l i raio«i p£ii|>f«tl«« of mi^ «»9id@ ir i t t i* isolmtt* 
T T 
fitiiiii#ji^»«it<i* 
4§ JU I^ 
ttift 
f«^^@ 4» .l@t«fmiiiallofi «if t l i«afi l«^atl i-^9i i»t of tli» lajsid 










ZJ '^'^^W 'w^pj^^i^ff ^^ WF'B' ^VJW mrW* Tff^^B ^W^^ 
ta t 















13) ^ 4BI C» 
^^^^o-o-o 
* • I <^ p SI a 
®t 1^ «^ H 01 O 
• » • ^t # • 
*4 ** m 











tStim^ W^  •4 f4 
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I I M ^ f f l l ^ l l l l ^ t t ^ ^ ^ 
© ^ «# Vll «^ 
tftii«#«3?3^i1111 I • 1 1 1 1 
f I g s s s i i ' ^ • » t • « • • 11 f t 
i i S t S S i S i ? ^ ' ^ ! 11 I 11 I I 
« « f l i S 9 l l ^ i 11 11 f I • I t I 11 
WW 











iifliififciyi ttl iliim (faLtaitiilumn taaflilitu 
Tim niMUB ill tilt pujrifittf px^ptixmti^u «&• lfia«tiV'«t«A 
biottlojEid© of aotaurjTf ottiaiiolf ^drngoo p9tojd.d«» l^^xool^oclo 
aol4 a»d fofa^io ia tUt pfo$i>f tioa* 1 p«rt ^4ruo to i t ^t tO 
Qt^ E) e^^i9«l» Aftoe alloviiii tuo Bixtiifo to otood fo« 
m (sAammB It •«• oooo/oA oo gttoc« fiio dotst mmmtait^ in 
tal»lo ? fitoA ptoooQtoa in m^ml oloatljr lOiow thot t&o nsno was 
till to roel stoat to protolo pcooipitatioo <ot^aool tmA ttotoaslo 
oiaotido) aoa to oildotioii (li^atogoo poxoxlflo)* ooo poet 
vimo oitiiotood msiog oitii E) poito ooe& of Hgca^ t |^^ j|OE« 
H|^ t^ i i^ ood fotstoUo* ^0 ^ofoontogo of looOl Xooloo 
pfo^otloo in 0000 of iigOLjgf ottt»iol« M^^f IIOI ofid foxaoliA 
oofo ^ 1 mt ^» tU9 aod i@ foepootlvoljr* Xt» lio«ovoc» 
gffoiiuoiljr iooxooooA itt ow^ oooo mlth doeioooo lo ISio OdooioOI. 
ffoj^xtioo* 
fwMLw f• Effoot of ohtadoolo oo ootlv^itf of ^o tttid Moooio 
fifoo (Vg iooloto) 
••MMWaMWMMM 
gjiwaooti ^ rtiiooQi i gfs^  i m liuimi J iumi 
OootJot 100 100 100 100 100 
I t l 90 9a.09 90. 00 . •««0 
118 •«•»• »0; T»J 10 J It so w* to* « • i » * . • ^ 
II80 »0» »•• 4»* 11«»* !»• 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmt 
o» ffooipitoto I 0 « M 4 OO olxlogi •» oot tootoA* 
F I 6 . I E F F E C T OF C H E M I C A L S ON I N F E C T I V I T Y 
























2 0 r 





-O M e r c u r i c c h l o r i d e , I : I OOO 
O O E t h y l a l c o h o l , 9 5 / : 
O- -O H y d r o g e n p e r o x i d e , 3 / : 
O O H y d r o c h l o r i c a c i d , 1:1 O O O 
© F o r m a l i n , I : I 0 0 
\ 
\ \ 





P R O P O R T I O N 
2 0 
40 
J H M U O U M I I M I J H M H W M W I H M 
Q.QX M 09ae«Attiitioet of ai f f t t tat baff«t« (po 7«o) «• 
•xtfsMiUiii tlvX4»» 1!h9 i i ir«oHvi^ of tin* vijm« »«• «••%•« 
«if%«f 4 IlOttff*. S!^ f••altSt pC«««Qtoft in f«14« 0 iftAi««t^ 
l&ftt ptio»pluit« ^^im tOmm^A lMitt«» i f i f«e l imr •£ tlio vituw 
ao •^apai^a vitti plioi|)lkal« &»09£MQ a«lt sad olti lo «fit&4 
pikoai>lk«tft l»aff#ff«. Pliofl^ hato Itoffot •••» t{i«««fojr«f tt««A Ibx 
l^rtlioc •taai«0* 
fattl« a. Bfftot oi ^ii^gmt ^it9$& oa upoUflt^ of tbo 
flCUff 
•»~ I "1K.SS::.'""" 
_i 
Oltcio siSid pfioapluit^  4S 
o»a«f«i <m»t. «•%•«) 4S 
l iftt l tif iiiliii nWifltaliitttttt as Ta 
tlt« l i toid liiiff«««A mt tdM 41ff^f«it MOliff •^•••atx«tle«« 
«• ! • iui«i • • •xtf««tiikg fluids m% pM 7»9« SiM i««ult« of 
iAf«^tlvit^i ilir«A ift f«bl^ d Md ;>x«««»t«d iA fi^.s lAdi^at* 
tllAt 0.ai«0*Od M •••••atXAtiOA of $lMi»pluiH toff«x «lio«^d b««%^ x 
iafo^HTil^ • • w^i • • •toliiUijr of ftiM TUii* (f^)* OpflaiMi 
u 
«9ae<Htt«fttle!i»» 
f«l»l« 9« I f f«et of iiela« oofto«iitif aUoa on iaf«fliumiy and 
9taliUit;r of i n * iHm9 
mummm 
immmmmmmmmmmimmmmmmmmmmmmmmmmmimmmmmmmmmmmmmmmm^ 
0«0X §10 ad*4 480 100*0 
0.03 384 da.8 403 9d*i 
0*0& ©00 l ^ ^ O 410 m*4> 
0«07 4135 8g,8 378 77.§ 
0.1 3911 0 3 , 9 • *• • 
a«@ gti m*x 175 M,4 
l^»t lootl laaloaa} •# aot taataft. 
ana pH 0f 0.0$ 2 pmt^hat9 ^iiffax aai a4Jttat«4 at & 
ditfaiaat lairala gm$im ^^lom pM 3*0 to d*0. fb« jraaalta of 
I t t faat l f l t r f Klvaa la faUa 10 aa4 pxaai^tad la iif^*^ alaatlar 
laAiaata that tlia i l taa htA a good xaaga of pu telatwiaa* I t 
tftoaai iattax lafaativltjr iMtwaaa ^d 7.0-7.8, optlaaa at 
pU 7.4, I t la i laa ta i ^ t t a « atablUtir ^taaoa fB ll«4-7.0> 
optima ^ilag at pU #•£• Xt laf thaiafota» ooaelatad tliat 
pM f»f optlaol atatl l l t jr 4oaa aot folaal4a alt l i pu iot optlaal 
lafatUvlt jr tiat tlia n i a a * 
F16. 2 EFFECT OF MOLAR CONCENTRATION ON 
ACTIVITY OF THE VIRUS M^ VITRO AFTER 
DIF.FERENT INTERVALS 
-O A f t e r hr 






















6 0 • 
4 0 
2 0 -
• 025 ' 0 5 •075 2 5 
MOLARITY OF PHOSPHATE BUFFER 
is 
of lilt Urns 
pg I uiiliiiiiifc ffl.ittOTiiJtt.fftrtiiili|ifif4gftiil^'ltiiniflBBifalfitltti 
nl.itftt 1 
|£>1&/S0 1l*«Y«< If •ff««fl%«g» | M » / | 0 } . M V » 9 |t«««tllt«(|« 
e.O £70 43* @ 410 @&*4 
$•« 480 76*8 4gll 6e,d 
7«0 1173 9S,9 a@d 7 9 . 1 
7«4 ^m 97.6 S70 03*8 
7»6 dS0 100.0 eiQ 43.7 
7 ,0 S80 9g,8 170 35.4 
B^Q 5110 Sa.O 1S& £6*0 
Silif l » « i l lo i io i io 
saift Titus Mtt«itttfatieji «M» Mit i f t i m% & dlf fMiat 
iftt«jrvftl« in lilt l«aY«9 «&d tilt t t tul t t f glvta in Xtblt 11 
ttiot %hm% %hB Ylf«iL ooattotftUoii latffttttd gxtAutll/ to « 
atxiwtti ta tiM l£tli aii4 I4tli 4«]r of laoottlotloii Xm toot of 
flattpl tut f«»9 t t tp t t t lT t l j aaa thtxttf t t f 4toliati in Wtli 
• t i l t t l t t to tUt Slot dtr* 
FIG 3 - E F F E C T OF pH OF PHOSPHATE BUFFER ON 
A C T I V I T Y OF T H E V I R U S AF T ER D I FFE RENT 
I N T E R V A L S 
O-
A f t e r 4 h rs 
•O A f t e r 4 days 


























5 - 0 5 -5 6 - 0 6-5 
pH 
7 - 0 7-5 8 - 0 
4S 
taXk9 XU Stt«iBlAfttlott of iaoa^aUofi pesloA ttf %&• ntxiia 
mmmmmmtmimmmimmvB nw iiiiiiiiinMiii|iii.»iiiiiiini iii|iii«iiiiii.»«i«iwiiMi>«wwiiM»^w»wwii»ii»«i«ii^^ 

























8 i .4 
100.0 
@0«0 
iixld sttdiliQgft Vftt. Ftt«»»i imx9 iiioottlftt«d at 
(Uffextnt 4tTAop»*iital stsigto of pXiuit. "SM o^ootvaUeao on 
llio apf eafaaot of ojniptoas ia^oftto that t!s« iaooiilfttlo&s 
isado dl pciaftf/f 18«» iadit 4th mA 4t2i tfifolimtoo pifoagiood 
ajfsptoao afttf ll»7t 6^t 7*10t 10*18 and l&* l i dasr* xti$>«otlTOljr 
aftof laoeialatioa. mim aiiewa ^ a t aa tha aga of tha pXaat 
adTaaoed tha tina sa^ulrad fi»t tha appaaxauea of ayajptoaa 
laataaaad. ma plwata laa^ilafad at aarl / ati«aa of plaat 
gtawta pMdttoai aavaxa osn t^oaa of Hia diaaaaa. lSk9 data 
oa tlia pataaataca of plaat iafaotioa» ooKiaxlaad la faHa 18 
ladleata tliat aa tiia aga of ttia plaat advaaaady ^ a 
auaai^tlMllt/ of tiM plaat to nxal lafaotloa pirogxaaalTai/ 
daataaaad. 
TMI 
?Xm% gfootli o« tho pttofAtogo ot ploiil •fooUoa la mtid •«<» * l«&* 
lioaf |lfifoll«tt|t«ifoUo»o{tfifoXiato!tfifoiio«o 
XS aOO 109 80 50 40 
ioaa mo 9» m ^^ m 
mmm 
fi^ o i^tao ooaooatxatloa «a» aafuigrtA aftoi S ««#Ea 
of liiooalatloa la loaft poUolo aa^ atan oad B aoatlia la aaaa 
of Jcoot aad JCOOI aodaloa. ^ o xaaaltiai ^iwtk la fablo 13 
aaA nlalwoi la xoot aoialta* 
fatta 13. maUlhalloa of tho irltao la dlffotoat •agotatlvo 
9acta of a itratailoailjr lafooto4 a«ld va«« 'faaa^l* 
Soufoo of laeoialiMi Ji«ooai loaioaa/19 loaroa! Poxooatigo 
l*oaf #19 100*0 
fotioio mn «e.o 
Stoa 879 4M.9 
ioot 1B9 «»•» 
Moot aoAiidoa 119 80«1 
40 
oil Xoptaoo lOf tilt j)ecolotitt% m^ iioape««l9tt&t b&luifiott£# 
pofAlotoat boliiivtou£ ot ^ « vlxii* «aa 3 liootHto ooUootod ttom 
tlio nfld ofop* Ilio xowato luio givon iit '£tM9 14 ^Oddk oltaiijr 
iodieato iJmt aoi^ox mf of t&o i^Ma i^eolos nos bootleo 
uood havo o^aoitjr of tt«asi«ilttliig 1^ 9 i^mo* 
2i:i@ pftoiiit ia'Tootiga^oas sat so jrovoal.o<l tliat tlio ?^  
aad ?3 ioolatoo o£ utld aooaio vituo ooold not bo ecoamittoa 
^y J* .^ f^t^ t^ ifo f^i i*:oQ^ «t «tioo tbo inooots wofo l^lowoA to food 
OA tlio ^ooaaoa loovoo for o potloi of fov ooooodo to 2 aloutoo 
ptooodoft HiT a pxoao^uloitioa faotiog of 4 Hoiiffo. 
JftU ( V 
-»»p_i>i> IB 
SwoBtjr^ flYo ooodXiago oaoH of OyMwaHa ttlfi«tttglffl» ^* 
(iTaaO.) vat* * t^tea lou OalMur* aad ]^^oo^^ fflftit ^' • f l ' * *'^9* 
•0X0 xalood ia ooll otttataod fioa tbo xtiladoplioxo of tHo 
S aoatli old dlooaaod plaata ooatataod ia 10 oa pota at tlio 
xato of i plaat pox pot* tlaata thoa xataod lOx 3 aoatlw did 
aot •!»« aajr o/a^toaa oa aoxlal paxta aa voll. ao oa xoota. 





<s f| i» 
o o o o o o o 
46 Q> ® ^ CS> O O 























O ''f "# ^ O O O 
<<« Ci !^ 
• • • jft S| ft 
w"* V fPf 
• • • 
$ S< S{ 
^ 4 -^  3 *^  *» •« 
4f 
ff«« t>i« foot tad i«af •x«fo«l9 of onoh plant* oo guof 
fidlod to pcodyioo looftl IfioloAO* t^f«io«o» thio oxoluioo 
tlio ]^s«l^Utjr of teoaosiooloa of ^« visuo mioiis^ ta%t 
ogono/ of ooll* 
Oood {V. aad ?g) 
Sofdo noto ooiloett£ ffoa i l f fot«tt plaat nipoolot 
inoesiilatoA tit ficot to oteond txifolioto otogo of plmt gxootlii 
OA aataxltr of tht ofop« flM poirootitogo of aood tiraaoaiooloii 
««o xoooedoa hjT oomliis tlio ootdo* f^o toaultit ftlToii io 
f ^ l o 13 iaOloato ttiot V^  oao oood bojeao in dlffo««at plant 
4^«oia« aoi t ^ pefoaotaia of ottd ttaaoNiaaioit iraxiad fsoa 
•Aciat/ to imelatr* ^gi •<! tn^ otlia« baadf «aa aaad ^fao 
oalf la Olid attd tlia paxaafttaga of aaad ttaaaalaaloa «aa wogjt 
low aa ooapatad to ?^ » I t a @*i tat oaat tfaaaeidaaloft ^urougk 
aaad waa oooflisad ^ ^ a pfodttatloa of looiil laalaaa on guar 
Ojr ttoaiiaftloai laoatilatlooa* 
i i t t i f ttti lUBMUtiltii ^V 
20 aaaaxtala tHa ftatata of »994^ ttaaaslaaloa in uxld 
•at* l*#f aaalioAlaal laaaulotloa taata taraiAad tliat 
00 iadl^vldttal aatejro aittaat of atotad 9*%A» fallad to ptoAiaa 
looai laalaaa aa «aait ataila tlia aaad aaat asttaet of tt aaaH 
•••^L» aottld ptaiaaa laaal laalaaa aa fiiaf iadloatlag 4 f9t aaat 
•^ti^ipaw wdP WPaiwaaaaa^P ^ wMfca^wtip 
lute* ttiit* ina^oftttd tltftt ^ t Yifii* «•» sot oaffitA 
ia ti« dftbiqro »t tilt ttoirtd a«t4t ^ t pttiii^i itaaifitft viAlftt 
29klk9 19* t«totat«g« 9f fMa txeai^ ULtoloii oX th* vita* 
(f|^ duA fg iMliittii) i& aifftt«at lKi«t piaat i|>««i«t 
m»% ^«« i t» 
















«C9ilt«{ia««* 7*3 0 
*» oat of 100 oooAo goiaioottdf ••# out of la otodo gofMittatodii 
• t A0« t«»tO<l» 
j?lio HiRio ooftOMtcatioii la TMIOVIO fmltlag pActo at 
tbolf dlffofiot otagoo of aatatlty aaa 4ota«alaoA V aaootatlai 
•aoH pait aiMlMflag $ altii O.tS a l (6 atopa) of 3.0A i 
ptoa^imta iwiffof {pa f«s>» axoi|»t iat«/o oad i»ollaa ffalaa 
vliloli not• aaoatatoi la a 4i09 of tuffof• 4 aaalMi of toata 
49 
of on* «tpf««tiit»Uir» «••%» giY«ft iA f«bi« Id iiiAl«Al« tUftt 
^ « "ilfdn VM !»c«««ift lA fAljrljr iiiib oaAo«at««tioA« iA dlffAttAi 
f«ai«iAg pAft« of a AjTAtittltAlljr lAfAOtAd plAAt At AAfljr AttiAA 
ei <ltVAL<^pAat of Hi t A«f4 ^ t WAA glAAt}^ t « ^ 0 « 4 lA tllA 
lAtOJT AlagOA Of fipOalAg oat iAAOtlTAttA 4lltiAS AtOCOgA* 
llO«Alf% SI^AlOf fOtAlA »Ad DOllAAS OQAIAIAAA AOACljr AO Oliell 
9lmB m iftfAOtAi I^ AAf* Z% AAA O^AAfTOA tllA« At tHA Attd 
ttAtltfta* Hit V&CAA AOAttAl Of t i l t tAlUT^ dttXtAtAdp AllilA tUt t 
Of Attd mm% iQoirtAttd. ^pptvtAtljr ^ t Ylimt «AA X t t t I A tliA 
tBl»e#o diurlBg fc^ia Of t l t » A^Axmtl^A of Hit t t t f l but ctAolAtd 
pftAtAt iO Iftt Attd OOat o f ttOfAd Attdt . 
4^ 0 dtttCAiAt l ^ t l lA * ttkt pOtitlOA of t i l t OVoXt iA 
tlkt pod Had to;r t^At ioA to ti lt viXAA iAftAtlont p&ctljr 
XiptAtd ^Adt At<t ^«Cirttttd ffOS lAftOttd l^ltAtA iOOOUlAttd 
At i t t to SAd t l i f o U t t t t t t g t Of p l tAt iS'ttt^* St tdt Wttt 
jrtttovtd fxoB ti l t iAdlvldaAl pod i t t l i t i t pmp%M ecdtt o i 
ttitttttOt ftOA pfOSiAall to t i l t d i t t A l tad* fAt tXttOAt t f 
lAdiTidttAl. Aibfjft tAt 9fApAftd i t A d«Op t f pilti|^AAtt iNifftf 
tAd tu t I t t A l t t t f iAt t iaAt i tAt fiVAA lA f A U A I f l A d i t t t t 
thAt ttofflAjOXitX "^ f t i l t Attdt iA A IpAd AATAjr t i l t Vift t t l t d 
tllA nXttA tAt« / iA i t t t d t i t A 9td « t f t i f f t f t t i A l l / d i t t l ^ i ^ t t d . 
At lAit t « i t t iAt Atat ^ d A AtAtAiA t i l tu t artttAtf t t t d t ttJFiyiAg 
tbt vixtttf l i i i l t t t i i t f t did AAt, fiM • i n i t t t t t t t d t t i A t 
to tht tXttAt t f 44*8 9 t t t tA t iA iAAttAf A AAAdt t f ttffid 
00 
Oottco<i of laoeuXiaa 'MW'i •f^P^»ll rrr T 
lJ^III»»JfcBl»fcM|l»««l»tll«lll<l»lJUl»MII^^ «» llllllllllllH 
iQuag trifoliatt l,®af 
i^o««#« 
x'QtaLa (6 flowec) 
foiX«ri gfalns (a fHoiseje) 
XmatucA poae nitjti s@@a 
Ximattic* pe^& «it^tt« s«o4 
£matu£« fi«ed 
iimkt mmtm^ smd 
a^bjc^ o f JOB iudf stit^X9 sttd 
BAbx/o ffo« ttiiliat* £jr««ii sMd 
Babijo fxos fi^Klljr d«tkjr<lfa««d 0t«d 
tebxjro fxoa •!<»« 49tijr4i«t«A (atoxcA) 
S9«i «»at fxott pttjrtl/ ttatntf• 8 M 4 
^••A ooat imm aatuft £f««ii cMd 
iS«tA oo«t fros xiu i^dlir dtl&^ virAtaA 
••ti 
3««d ooat fxoa «loii <lilijr4xftt«4 
(•HojctA) 8««a 
9oi^lt4oa fsoift iasatiix* ••«& 






































• • f . J?iti»*i. ^ailaffljrt •» ix««ial«c iiattibutiofl of tut 
Yittit ««• iiotio«i in M«B vat. OftatfiUiftx* 
faMl« 11^ . mttxilmtioa df iaft«t«A •••da ia tli^ iaaiatttx* 










































































































4-t pxo4ttatioa at laoal la«l«a«t f^ ao ptaiaatlaa af lo<?al 
l«alaaa« 
J M N H M W M M M S H B I 
ma liaal paliat alitala«4 aa a taaalt af 4lff«««i4l4l 
aaatfil^aliaa iiaa aUi^tl^ cf»aaiah ia aolaax taiA «aalalAa4 
9t 
sltksv^h tialt« liifeoUou^ mm &»% roitable fo« ssfoloi&oail 
ttud dUotfoa aioxosoofio atttai*** flivfi otHtt tttQimi(|ii«« mivii 
09 InttaAol aad Ii9at e«atKi£ys® i^o»« w«£9 til«d* fro* li«taaiil. 
6«fttflfaiaUoa» » iihlfi«h «ut4 Mg^ljr opal«99«iit m^ iaf@otif« 
i a f e o U ^ ^ t«8tt at iraxietts 9ta@d# of ptififloatioa of %h^ 
8)if ©caatiAt Mipida oa^ 0f t}i« p«ll@l aliOwad vaty l i« t i« laaa 
ia vifua lafaot ivi l / . 
£a ^ a aaaa of lia&t aaa«iri.riigatl,oa» tua aaioifioatiaa 
©f ^ e elat i f iat ay.p®faataa% aad ma aaattlfixgaticia a« m^QOQ tpm 
fox dO aiiaataa pallatad pxaattealli' a l l tlia vlmia ao ia^aataS 
bjr iafdOtlYiljr taata of tHa aupaxaataat li^oida aad tlia paUat 
aui^ aadad ia 0«Od M i^ Hai^ luita Imffax CpLi 7*0)* ^ a flaal 
ftca f^tff&tlaa waa ^oita (Aaaf aad tiig^ijr lafaailva islth a dllatloa 
aa4 peial «it£a af IxioT^* 
^axiflad irixaa jptapajratlaaa W9% taatad it^M iafaatlvitjr 
Djr dilatiag ttWQ ia aiatiliad aatat* mi^ iaooiaaUaaa ww 
aada aa a iaaal laaioa aaat tad taa data* piaaaatad ia faiia ia 
aiiaa taat tlia puxifiad viaaa piapttfatiaa hf aataaal 
aaatxlfigatiaa attlMd* nm tha aaat xaaalta aa avidaaaaA hg 
tHa fiedaatioa af IMigliaat anaaax af iaaal laaiaaa* 
Btttanot emitxlfiigaldiott 139 
Boat eotit«iliiiAtloa i ts 
^ 0 aotonol. somitod 4ifootl^ fem Hio iafootoA ploat 
patto o& laoettoa nioxoooopio eoppox gxl4o and iiogatlviaiir 
olttiaoil ^^h I pot ooat p^iptiotattiuo^o ftolA (P^A) AioooliroA 
in diotiiiod oatoi* did aot jrovoail ptooi^eo of Hio i^tiio 
poftleloo* fnxlfioA viftto pcopafoUoa oiiopoadoA ia dlotiiloA 
vatof* 0*0i U oBUBoiiiim atotalo Imffox (pa 7»0) and 0*05 1 
pbeapliato iMiffox (pa 7*0)* moiuitot oa il.oolxoa aiotoooopio 
eoppox f fiAo» mogativoljr ataiaoA nitli i pot eoat PfA ox 
ttfoayl foaialo whoa oswiaoA ia flii l lpa ( l i 900) olootxea 
aioxoooopo oboooA opboxioiO. vixaa pajrUoloa oiaoat aaifoxa 
ia also (fiato •» i^s»90iitBtO). ISm 4iuk ataiaod paxtioloa ia 
tHo fi««900 aio oaptDT vixao paxtloioai iriiotoao oliMfo mH9h 
a«o li8^% ia ooioax xoptoaoal pacUOloa ooataiaiag mioloio 
aald« Hio ai^ poataaoo of too tjrpoo of patttolo (oppaxoan/ 
«ltii oad allliottt aaoloio a^d) ia oooa ia ng»d&M aad 6. 
ttxia aoealo idfus (V )^ 
A t Q»ao«atxat«4 fixias* a^atlTtXjr stttlatA 
with ttlioi@h9tiuii«i8ti8 moi^ (tiil}» 
^liJifioal pajrtlol90 iit* •••n tlktottg^ut 
and a ataaa aaaa of paffUal«« at tha 
t?dttaii« IfagaifiaaUoat a78«700» 
B s ¥laia* aagaUvaljr ata&aad with ?M» 
m, f arUi^ta witli aaelaio aol^i 
h* SLe{iott« miolaio aeld 
Paxtiolaa la tlia atidi^ a axa aoaaaliat 
haaagoaai ia pxofila* 
Mapiilioalloat xi^i^O* 
Q t Vifua* aagatiiralf atalaad mith wem^l 
faxaata* 
a* FajftLcaaa with au^aia aald, !»• m^taat imolaia aaid 
MigailioaUaa! ali^* 
PLATE 6 
'Sim g*A9t9X apptafuxiot of lli« pftf liol»« of ^o 
^ftpafauoac ftrtoir AtgaiiTo vtBlniRg mm «lio«& ia Fig««KrII 
fwoal titfit 9«flioJLo» ooataioiag ^ t naolole mlA ttiov a 
•ottottlial ^xigo&al. ffofii«» iMlo mamy of tko Mptjr pa£tiol«« 
ft«t sofo Of lost efii@£ioid# 
^0 sleo of th9 pmU0%9 eaJLoulatoS oa bft^fi of 
moii«i«ii80ot of UQ pmUtil99 was f&MiiS to &o l»®t«o«ii 24airS7aA 
# 
in ^^ B'^ '^ ttf> %M m^sma helm tl'i04« Hio mvajrago at&8i£f^loato 
foi? '^ai;tiel.«a ooataloiag auoXtio s.oid cmd foe ott|ilSir pajrtloloa 
«ho@td slight diffest^o««. llio aOiMmf4i:i!e&t8 of ^o pajrtlol.o0 
wojTO MBM (^do to si4«) « £70A C %>•%»••& «xt£«io points) 
i9x ^curtiolto eotttiiitiiiii auoloio ael4 mA U4QA iAA% to iddo)-
iiOA (liftwoofl oxt^osio paiAtt) for «»ptr psxtioloo* 
iife 
III HkO * C!ia.of09X&ot aMi^tioatloa* tost m px«oi|»itttt« 
iVg), «Mi aixoi vitb A itop of i to oatiooftttt. Ai«latifiAtio« 
Of OllU^^ilf tOittiUlt of MIOll pAftiOiOO «A« VlOillXO to ttiO 
ttokod i f o oitli lA £*d alAAtoA of aixioi; atitliiOA ni t l i tho 
oatiooffwi* H M tooto o i tk * 4«oj» of bonlttiy i i v M ^ oatioofftti 
•A4 tHOAO iMtVOOA AOfMAl OOXWI Atti OOAttil^OA AAp» OOAtOiAiAf 
»9 
Slit poftiUiro &«•«• iadioik««a llimt tli« vitan »«• 
aitti^«aid aaA Hio m%%9%Mvm o^ataiAvA iuitil»o<li«« ap«oifl0 
to th« ¥itui» ufia«t sttt^r* 
&'jroa the xesultt of th« pcAoi^iUd t«3t» with b«altli^ 
fal>l« 19 i t is o l o ^ tiftt tlie mtisomm at %h» (lilutioa of 
i f i 0 guv® a i»xedl|7itml« &f o-.isstio tf-ps tjrpiaal of tlit 
« l^t@sie«l, vlJEHfttQ «il& tilt 4i8®u8«i plaat mmg sma t&« pticllTitd 
ft ifa* pf€»pafiitioa. Tm maximm ^lutiots of thm 4i896««a plant 
sap t ^ t gavG positive pjToei^itate «im« is@4 whaxtaa tlia 
pojsified vicua pcepaxaiioa gaira puaitiva piaoii^itata '^aa at 
tua aiiutioa o£ IsiSS andtaatifig a hii^ii o&aaastJtaUoa of tha 
Tifua i a tlia pafifiad p«ai>acatloa. t% waa Am aatiaad ttiat 
af iat i / i aa £taat «A4 l i t i i ia . % tiomt t!»afa wa£a apealfle 
p t i o i f i t l a faaatlaaa ia taa ta^aa oaataiaiai a^itiaaxua aat 
4l99u»9^ Jttiaa at diiutioaa apta i i . d . Aftac S Haurai t&a 
4iaaaaad 4aiaa md paxiflad pjrapaxatiaaa axblHtadl a aaiisaa 
faaati a vita aatiaataa ia t bjr thia tiaa aoaa axtifaat 
(aaaapaaiXia) laaatioaa alaa 4«yalai»a4 ia a l l taa taaaa 
aaatalaiag liaaliisyr Jaiaa aa wall imt aaljr at 4ilatiaaa «]^ta 
l t d . sma taat aa jrapaatiag fata a a ia i la t a i t i faat faaatiaa 
tiiib liaaltlijr plaat aiH». Mo ptaalpitata naa foaaai l i t a tlia 
aaaltl^ plaat aap aa alaa altl i aiaaaaat plaat ai^ ax putiftaA 
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ailtttiOA of tli« «aU0«BJai t«a0f«a fQ«l«iir«l|r m^ mm t9w&a to 
be ttlUQ* A 8p%9iiiQ falal pjrteipitata xtmotioii «M litvt 
o1is««v«a iift«f X luittfff iiliile ^« pff«^pl«at« gMmx^kly lmf»mA 
la dxatff «o d«tcml.a« ^a talatloaaMii of aiia noaaio 
mua aim aaaa af tl^ otliav op&sHoal ^mutm^ mist m Jbtipaa 
£^a£i4iait ^^^) ^A ^ « piraawt f^ iaolata (;;^ a2iaxa ma 
im^alm&aimi^k^t J10#3) &M '^^ ieolato i»aira toataft »it& ^ e eatiaacos 
of tHa u«i4 aooide vlxaa ^Vg). o&lofoplaaf agilutlaatloa taat 
aaa pat^iaad l»|r stiidQ^ ^ dxopa of ailutad lit HO) mtl&*mm 
Oft & mloJToaoopio aiida id.«& 2 4ro|)a of ontda oaatidifugad 
plant ai^ t^ ooftlalfiiiig vlnia 0£ oaatflf^ad iiaaltlijr ^laat aa^ 
ieoatxol)* Ho oluataf of M&ta«ial o« olm^iai^ toga^at altli 
aaali pattlelaa waa &%B9MIW%€ alib «lia oakal a/a of ailllk a 
Alaxaaaopa* 
Slaaa u t l i aaaaia vifaa aatiaatiHi 414 aot taaat 
paalfiiral/ aitli altiax ai>liaslaia i^auaaa faatadlt Vj, ax t3 
«iaffafaxat I t ia aat aaxolaglaally xalata« to ttias* 
• 'ainKim u imuom iiiiii|i timnummmmmmimmmimmmimmmm 
Ig|^»»*»»| .ll^Mllt ,gl nfflif f|fcB|litt,„.giflffi||f tf ,|rff H ,1,^  
1 tfftfwlnlilii'itlfil *^** ^ »*""— ^ 
dlltatlftii 
I JMS&MiJiii iiBi81IMiiinii M S I f § fcittliltft 
4 t 0 
i : 4 
I t b 
% $ U 
X t d2 
% % m> 





• • r^ falf l t ppt»f 
vitti •itbat •£ «li« t«o ni t t t« i umAf V^  «iA iTgy id^ ti i foUata 
l««ftt b«««i« savaf^ lar aottil^A aat to tua «««ka afttJ 
ii»aiil«tl0a Ml asaiatt tbaaa attdliaf • wkw laaoaiatlaaa wtta 
A«Aa aiagljr* i%f aaauciag tiit ptaaaoat af tlia ttft Yixaaaa la 
tim 4aa»ljr iaocwlataA plaatat w^ laaaaiaUoa taata p«a4xiaa4 
laaal Italaaa aa gnat aa aail aa laaal laalaaa Mii arvtiaia 
taaatiaa aa %aaa vax» 'iajaali-i* ladHaatlag ttia pxaataaa af 
d0 
Oft hem viur. * iia|nali*»i* «*• da« to Vj^  itolftlt . 
BMft» ««ftul,tii inaioiit* l&fti aa «lxtadiir ••ti^ll«li«A 
«i£ii« f|^  0£ ?g muia M t piroi««t t&« iAftoUoa or Iho 
mtiltiplJ.Ofttl0it of ^9 ^aHlmm^m vi«u«» I t i8» tlitt«li»c«» 
»af« t0 eonoOLiKt* tluikt h^m t&« vl£tt«o» ato luirtlatoa* 
Out of ia plaalft of ^oaa Vftx* i»i%fth«»8 oiioiiliig tto««lo 
siptf lOMftt iiS9t m& ooeoaS ti^foX&ato iesros oi SO mioli plaato 
»«to folooeniUiSdS i^tb 1^ « Hieigtiff aftoir l i a^a of vim9 
iaooulfttioii* ^ 0 toaaiiilJig id plants «#«• aftiataiiioa ao ooatjrol* 
On tlio salt d^fi aa o^pal t»is^«£ of Majaoli-S flanto i»«ir« 
ifiOQiilmted %&«£» IUi3g)tt iO^ oao ulilfift ooxvoi fui ooaltol* 
l^ e<»i tlio ^ttMy iaooulfttoA plftiatat otmdaxd extcnot 
««• pfi^atoi wilH mo 0ft|^  oiicaotod fcoa f i rat aad aoooaa 
t f i f i iUatt loaTto aftat tfaaliiai of Hia poaiajQr ailAavi gioatik 
aa aaU aa fios tlia ttULxd aad fouittli tt lfoUata laataa ai^atad 
4iia« aaava of aaoli plaata altli aa YialHe i»ow4aiy ail^aw 
iafaaliiaa* A SiS dilatioa of ^ a alaaiacH axixaat «aa aaaA 
ie a l l aaaaa iaaia^lag aeatsol* 3!lia fltaa ooaaaatxatioa «aa 
aaaar*^ aftat ts <U^ a af • i iaa laaoalatloB 9t t«a W99k9 of 
f^ iagaa iaaaalatlaa aa ^aaa Tat. *BajMili*l*t <^  laaai laaiaa 
iMat af ilia n iaa laplajriag api^aalta liaif laaf taalua^a 
m 
I t mm 9hB9Kf§4 tiiAt out 6£ 80 tjljr«U«t« l*«tr«« 
ftiididfli mMl0 i)fttptoii» «a4 iA»eiilAt«A nitli tbt ^ f^liti»» •aijr 
7 got fyiiitts ifif««tloa a* «o«s»Af«A to iS iA ti&« ooatfol* XA 
tlio ^11^^ inoonl&tod piaato tUt aiiX o^w i^f «ftxod la t * hf 
3 ^ 4i£iir« thoA ^ a t ^ l * I t t d#r«l^iiiflAt oa iniiis iaf««t«A 
laavea vaa tfHovy aot UAl^m aaA toattletaa to gtota atAaa 
loaviag tiio ^ton)tle atoaa uaaffootoA* Xa irijma iafootod 
loATast ^ t lUi^iiA a>v«tod atasXir i/XO«^ of tiio total Xoaf 
axoat «tiiXo i t oovotoa atatXjr i/4tli ia ooatffol id t^a U voolca 
of faagua iaoo^X&tioa* Siiooo obsoxratioao ia^eatoA tluit 
tbico AAO a fooc a«ir^op3«at» Xow peioiatago of iafootioa m€ 
Xoagot iaotib&tloa pociod of tho fuagua ia vicao iafoottd Xoavoa* 
%irf^ a^%^ aol^ ifa^ oi^  tiaa foaad aoat ioatiaotlvt ia iifi4 
(JPiato i f UstUB) tkim Hoaa aa4o« ilaaalioaoo <K>aditioBa« 
Hio foanita of aaoAriAi iritiia ooaooatxatioat t^oaoatoA 
iallal»1^ o i i iadioato tAat me irical ooaooatratisjA ia 4oably 
iafootoA Xoavoa aaa xoiuootf Itr 37«4 90t oaat ia ^li^ajriaoa 
to ttuit tAo Xoaroa at Idno aaio poaitioa oa tAo pXaato iafootoi 
idtA •i iaa aXoao* Xt «aa iodiaao4 ^ t4«£ pot ooat ia Xoavoa 
litA ao viaiAXo pooioxy aiX4oa iafootioag aitaatoA jaot AAOTO 
tAoao iafootoA «i IA AotA aiXioa aa4 ^o fiiao aa ttm^M^A to 
ooAtfol. lAo ffodttotloA iA vitaX ooaooattatloa mm a XittXo 
AOio tAaa AaXf ia Xoavoa «i1A ao fAagua iafootloa aa ooApaxoi 
to tAoao ia doaoXi' iafootod Xoavoa. 
«l 
alld«« OAA in le«v«« i d ^ no t^mgrnu lftf««Uoa 
BMaMWMMWIMnMIMHl 
*.»( oaie« of ifiooiilaa iQg m^ojt^m Hit fl«fii« ooiittnitfatlott 
(2 ) 
Ci) 
of ^e viittft laooulattA 
idlumtei lust ^dv« tiiet* 
It&vts of tli« vita* 
f 
«»iiioti9Alf«t9«Bitii« 






£tlfii !L0Oal Xfttfloas 
mt Aftta of tbo oxpftfisMlM on jriold loio nboii t&t 
ttdA i^ X«ttto TEf* if-s; noffo IttooiilsltA m% 3 iiffttOAt 
4otrol09Sftt««l •!«(•• of itio sfowtii» oiaBauiiiiod ia f«U« i8 
IM4 ll^ lttotfatodi ia ?i««4 lAiloato tliat «li» Hftto (T||} ooitood 
rottgldkjr 8>>»1>4i 9*40 «ftA fi«Sf p«teoftt«io loM ia jri«l.4 \^m 




































































FIG. 4 EFFECT OF THE VIRUS I N F E C T I O N AT DIFFERENT 
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Qj] p o s t b l o o m 
QU Bloom 




•tii i«« fMp«9UT«ly« ^ « j f i t ld 0i ^ « plant »«• ««dti«t4 bjr 
£*iMoutadll at 100 oad S^ d p^ oofiooattaUcus i 0 
fooai aoapfi^t0t&%i0 a»d i s u»«4 at ti^ c^e dlf£«tdat iattxvols 
vie* Sailiry ^ <N?9 ^ ^ ^ dii^fi* 4 ^ t a l of @ a^plioatlofia 
sr«t@ Bi^f& i d flia^ tt«3t3eiit <K»i3|>£iaiag of $ plants of tt^4 
vae. Paftap>l« i3ie olie«ioal ^ae ^fi^«4l «it;^ aa oatooiisttc it&til 
a£lp off oomkg^A* Slie d&te oo tti« i^peajraaoe of a i^sptmis airo 
pgtimmt^^. i a f ^ i o J33y «^ lo data oa wimm ooaoaatfatioa 
aaaq^ail afta« IS ai^a of iaooulatloa afa gl'vm in $abla @4 
aaa l l luatfataa in ^^g«5* 
fal»la i 3 . i f faat of ^ ^ i o a c a o l l fegr IdHa appliaatioa of 
lOUav 89iEr«ar %«fO«a iaooiilatioa 14!^  aad aftat 





i Aay T 18 i t 
£ 4 ^ « • 10 i t 
3 «iir« r 9 io 
(S) 
i 4iV 7 IS 19 
£ Our* T tt » 
S 4a/a 8 » io 
wltti i ^ 9pa oofto«ott»tloa of S«liiiotutaell b«D»f* iiiooiilanoft 
•$n(^ tffigi9 &jr 9 a«(^ « «« ttoApattd to d doiro witti tht tf«ataiiiat 
afi®« ifidotilfttioa* ^^xtiioojeiieii WIMI «ff90tlir« ia oai:iflliig not 
oiilf A%%90 tmt po9M pxo4ta«iioa in s^aptoat* 
S^ i^ Xo S4« a&ff«ot of B*tj^ Qtt«a9l3k djr ^£«uias t^ «foi;« 
ijaooalatldii (A) and iift«f if»>oitlatiOQ (B) 
T timmmm>i'mmmmmmmmmmmmmim»aimtmmmKiimmmimim»m 
oonotatifft* l„„„ , „, ff^i<?f^ff§tt» 
%i&& i a P p a I ,., •.,,»u,..,|^i..»i.ii.,M. ^ a l i f i f i t M t ^ l | l f I l i l III inn |ii..iiii» ii.,i.a*j....iiN». 
(A) 
too m*m m^m u*m 
am m*m m.n m^m 
id} 
soo SE.sci g0«$i) %t.m 
«l*MMIil«*NM«Mlia«WMMIIMI|MiaM^^ 
2t ic tfidoat f«o« fid>l« 84 that ^foyiog &*t&toit«MiI 
dadl/ «»• t<^t« •ff««tlT« itt g%€\mlm ^ 4 flxat •oaotattatioA* 
HliioturMll ttt ftOO Md 200 fpa MaoMitfstio&B irtion aystjrad 
dalX# iMifftf• iMtiilatioft f«dttft«d %k9 vitiia ooae«at«atloA ufto 
a aunaiia of dS*30 auid 9$.40 p^i OMit jroopoetlvtXjr. 2t oauaod 
FIG. 5 EFFECT OF SPRAYING 2 -THIOURACIL ON URID 
PLANTS AT D I F F E R E N T INTERVALS BEFORE AND 






































O O lOOPPm 
O o 2 0 0 ppm 
O— O 1 0 0 p p m ' 
O- O 2 0 0 ppm 
Pre- inocu la t ion 
p o s t - i nocu la t i on 
I day 2 days 
I N T E R V A L 
3 days 
m*.t§ m^ 48*71^  pet «M% f«diiotlefi in ^ « nt^at eoaocalcatlott 
wSum. til* ««!&• elHRiiOftl adft^oiittatioiia »•«• a^pli«i •£%•« 
OjTttSe l«af oxt«ii9t of 4 pXmt sp«ol@8 naatljrf Oftpp^yp 
««• tt»«4i d9 aottfe* of vita* iii£ilt»itoc» M9 fi««i« liif«9tlvit^ 
«ao te9t*d afttc allowing tli« s is^fe to titm^ at jr!»om 
t«a^««iit4«« f i^ t h a l f it£t ^%ii«* 
Ifoeal Itidc^fi mmi^ stii^tn indioatt ^mt tt£u4« leaf 
«x$ffaet of 0MULi ^d I^ttita es^etS tOO md 85.30 peir $9at 
m& aci4 41<l aot lisv* ms ioMlbitojrjr #ff«»t» 
Sh* 4&ta oa tli« 0fft9t of dilution of aatif i tal 
pfopoMiy 9f«««at ia tlio l«af oittnott of oM.111 a&A Mt\iX&t 
Sifu la fablo Sd sad illti«tt«t«4 la i^il»d «bo» ttsmt tlio 
ptxatatago of vlctia iablMtioo dt«foaao4 witli iaofoaoo ia tlio 
dilmlioa of loaf oxttaot* 
laklt tH* Sffoot of ttltttioa oa tli* aati^«ni ptopoxtjr of 
plaat loaf oxtraoto 
111 iiwHMf^^t'M n:njim Mltttioa t ^ ^yiyi '^^tt i i^ wmJir^ Mg 'lAM I S | J | M i j i i j l i w 
i l l 90.M 80.M 
if 10 9&>9» «»•«• 
ls80 m.U 90.M 
95.tl i»*9S liliiS 
F IG . 6 E F F E C T OF DILUTION ON THE ANT IV IRAL 
PROPERTY OF P L A N T EXTRACTS IN V ITRO 
-O Chi l l i leaf e x t r a c t 
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isiaiiii ««e4 «ji«tao% «ltl i «li« YifUtt. fit* <lttt«t p««8«iit«4 i l l 
2mhl9 M oaA il.ltt9tfat«a l a Fig*? liidi«»t« fiZiat ated 9S$jrao1i 
Q£ 9!k% ^ « 4 plQiit e^«cd«» doatiiliidd Vitus iol^Mt&ir* £xttaot« 
of @®^jr« o£ gei^fiatiog ta£i<l ««9(l oaaQ«d @e«a«et ialiiditioii 
o£ the iPi«tie tiiim thg t^ o£ liamalKikt* etail* i^i^uog lb* ii@«i 
«MUm%§ taftiefti l^« ialii&itoi^F @irf«et la @fll 0€ui«». 
. , , • , , ,^figtf l tt«i yi|itMltfifeH?IMgfti M ..,, „i.. 
miu^oa • tifia v»»* 'S^P' |*Ftti*i«i|*c&aji«ii- VmU^ 
Jk 
ttfttiog I idfi«d iiMift* i iiatiif« 
i I S 9S*Si^  95»£a 7S«E) 48*1^ 9©*40 39.70 SO.dO 
I t 10 ^.iKo m»oo m*9o m^m m*m ^*m m,m 
i I do n«:iio 70.40 ^ . 0 0 m»m m*Qo 45«oa s3.to 
i t iOO 85«l»0 «0«S0 40.40 3.30 CK^.l^ 35.60 iO.OO 
m« ftwata oA ittiai»iUM of ^ t nxit»i i^ iYta iA f«bi« S7 
0114 iilttottotod iA ni f .8 iAtiOAto idHAt ma4ilatod oxltaet of 
FIG. 7 E F F E C T OF D I L U T I O N ONI THE A N T I V I R A L 
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DILUTION 
«7 
1* JSMMM «i3i««A aOfriS p^g e«iit iii^%iUoii of tli« vlcut* 
29^f m. sff«otiv®a«»» of au«at« ssmjimmMa^ mmm 
ia laM&iUa^ iafaetiaa wi^ t&« acta soaalo Wxua 
miutiloa I f 9t8«atai» ft«ae ialiliiiti&a 
S f Jl a6«@3 
1 t @ an.sa 
i t 10 af*t» 
i I 100 3*01} 
Qa9 iximHsta aad twaalr vatiatlaat atlea^oaa aad 
iexapiaaa lia«« of lurid »•«• l«al«d fet jraalAtaaoa to ^a 
Hfiia ;?£) (tadox iMtUl^ oial aoa l^t&oaa ia ^« flaaaaouoa^ 
faalvo Uaoa vaia lauad i«aiia«i aa« vaxialyr i^ oaad ayvptoaa 
of fM^f aild aioaalo «ait£i aooa dlaot^oactd aai «*• gtaAaA aa 
aigDljr «aaialaa«9 et laoaiai ai l A aoaala ««ta a»a<lai aa 
«aolaiaati 35 pfoaaalag iattmadiala %fp9 of taaalloa wasa 
aXaaaaA at aodatataljr jraalataat anA tk% iaaalalaf 49 aiiaa&ag 
ialaiaadiata to 99t9g% ai»9to«a aaia oatagosiaat aa aodatataLjr 
to kigkl^ aaaaa&uaia* Xlia ira«iaUtaf aaiaatlaaa aa« caaaplaaa 
liaaa axa %i&M bala* aaootdlai to taait dafcta of «aaatlaa* 
FIG. 8 E F F E C T OF D ILUTION ON THE ANTIVIRAL 
PROPERTY OF TRIG HO THEC l-UM ROSEUM 
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Dl L UTION 
8 0 r.too 
i3o» 1684, saaif JL@&f sta* 3f0 ana 103£« 
4«i»i« i?«g^t t^»4^ad&t ^''i^^ i^ oe S| lei I4» so» 
?dt 8df t^ i 3L04, I i a , t@4» 17®» S9a,» ^6» i4@« 
07&, &i9« Id33, i@i@ » S |4@lp 
ia«4*it @4^9 i'*&@« ^m um m^ 6% ?Q, xt$t 
i is» i£&» i.fa*' aK>, 21,09 iae« &^« §^> @7i» mf^ 
@S4» i@it i3i» @32» 7i4t i i i t t l iS i i i t ^ i t i ^ ^ t 
Oi» i-Offf I ant Wi« t-HCl ! • 
i««4i-i;i» h %!»• Si , !«•& 1»2« Mash 41*l.3» 
l^«3l l o t mt Um^ um, Si9» a84, 3d0, 370* 440t ^ 7 | 
45 i , 4$4, 4i@« 44&, 474* 4ee» 4$^, 518, §56, 
?psa*i, f<te#»i, fiitft a«ia, :&»9* f<*ss, Ufi7*i m^ 
99 
^ 6 fljm« QonetiitCAtloQ wm» a»««y«4 ia sea* of tht 
iflisitiitt mA a ikigliljr £«ai«tfufit ooloolloiis and oonpaxtS wltli 
J!ho xeaallOi flroaoiaudscd in "i^ihX^ 2B iaOlo&ts tluit oo 
viJEias ooiild !>• i^oeumx^a imm 10 14@c^ » 27«],3*g«@, vW 1884 
emd PJiU 188B. ?axioU«8 4:->&7t 33@/d and ?Z*y 3i& ooatala low 
ooaoentfatioa of %M 'n.mtt aad tlid Xatd£ tmt &tiB o^ptmimi$ 
oa£fi«xs of til® nisas* 
!i!dl»le iSd* AoUvitjf of ^ t udd ffiosaio irixue ia soaa 
Y&£l«U«8/gempla8s of urid aho« i^ig eodstsmoo 
[ ldfo7ofM»7#K^ere«fQgo 































hkt XooaX X««toas* 
Me fat9 of spread ef t&e eiotalo dlstaae ia uzld 
waff Atudioa aaxioi kkmi^t (8aiami»«)ii72 oaa i973* XQ tin* f i rst 
ya«Xi d oiltivaf* fNict gjeovii 30x4S « • i^act in a plo« 
QoataiQias ISO plants «aoli* AtH^ i M t l a l gm^th of 3 «««k«t 
ol^sriralioiis vtfe siade nt wsslOjr intscvals fot 7 «««k0» 
Iritis lA ^ e a«9on4 ^snf*e ««« 9Xpe$$Meti,t HAS ooaliasd to 
two imlUi^ &cs Pttsi^l and 9*0^ alioiiiiig aosiflmai oad i!iliiifflt«& 
dissMS iAoidsnoe smpeo^veH^ tmt atisibef of plaats pet s l^ot 
«as riil@»d to £03* 
fits t e i ^ l s of fijr«t /9aff*0 si^ ejeisisaty pxr«oi8it«d in 
2a1»le B9 «isu)« timt H&d a.irfit aff«9ted plaats i^peatoa aftet 
3 m%tk» of sonLsg ana aft t f @ «9<&e tii9t« was ao fu«t£is« ai>£saa 
of tins dlssass* Aaaxtann 9pX9sA of tii« dlssass was )is%«s«i 
3jrd sad dth wsiic of ooidag i^sa tbs plants ««cs jroaag* HaxljRia 
iaoldMOs of ^ s ttosale dlssass xsoordsd was 20*63 p@f osat 
ia Pas»»i 8Bd siaittiM S»6 psc o«{it ia ^^7* ^ s cssalts of 
tbs ssooad jrsat^s tJ^siiasat* pjrsssatsd ia laM.« 30 iadioats 
t&at ttis two Tstistiss tuailjr, ?usa-i sad «^£t7 showsd ths 
sots tffsad of tbs tats of ^jrsad of tlis dlssass* 
78 
f ie ld dtiaag 1973 
i»0 0 0*0 
a.o 3 i .§ 
a.o £ 1.0 
£•8 i 0*0 
1»0 i iU 0*0 















gvaelioA of 7S oollootloiia of tiild «a» toootdodi imdot 
aatacil Hold 0!>adiUoo« At X.A.i.£*» S«« Itellil daxlag 
JUttiU 197e and 1073. m« iro«tilta £OY«al®d Hiat a4aiaair 
«• 40 oollooUoaa oxhiliitod Mghlir xoalataat coaouoa toooxdlag 
•0X0 90X oiftt iafoetiofti i ^ l o tht jrtat ojdUbittd •af^rlag 
dofttot of auaoopUHlit / . fnolvo out of 30 £0 atiloo 
auaHOflaf l ld l3 to 14«70£ • • 14dl5* 14630* 14dfld, 14094« 
14d99» 13071, 13190, 13191, 13194, 13193, 1407ac nad 144709 
««xt lonad to Ho ouatoptlHlo lyid havo xooofdod ^.33 to 
30 pot ooat dlaoaao laoldaaoo. tlio toat 13 aa 11413, 11414, 
14489* 1449f, 14f88, 14489, 14490, 14491, 14498, 14493* 14494, 
?3 
i4S9f» i4696, a«0i9« 2J»070» i0i9S» liSJ.03 «fld 14070 jr«iaiA«t 
f<«t f£oa iaf««tiott* fvtntjT out o£ 42 i^ Ziil s t f i t t QnttHtfiag 
d^ll&S as 5, 18* aSt 70, 7fi, 83, 94, 104, US, 119, 1£2, !£#, 
179, 163ik, i&SB, S63t 462, 474, 680 itaA 999 hKf lft0O<d«A 
@»60 {»•£ oiiit 4i8tftc« iiioidtiio«» 2li« f«iaifiiii$ 8S E^ i^d Io« 
m 14, ©a, 79, as, 184, ISO, 198, 190, a)0, 889, 313, 316, 
324, 379, 447, @08, &04, 318, @E4, 714, 1038 m& 1105 did not 
8brj« aojr natatal i a f toHoftt M l tlit 38, IC ^a4 f^M nusbets 
•ho^«d i^ ftffjring di«gx««« ot e«T««it^ of iafeoUon* 
I t 19 0diitl4«««d pO08llil« thskt aatucAl InftoUoa may 
h® ^th»9 ^ « t0 fj^i ?g fia4 ?3 lcolat«8 of uHd aosalo T IJUS 
oc tk9 ^ttblatd effeettt of aot^ thaa out* t^t s«a«ffil 
ol»«cjnratioo8 t>a««d oa epiptoaatoXogjr aLoae ladloat« that 
?g waa aat aoaaoa aaooa^aEed tt^ V^ iui4«£ aataxal f la ld 
ooadl tloaa« 
S«vtxa3, trima«e liave bees sepesteA %Q iafeot ujrlif 
Phaf^ l^ t^ f mUift i** a« ea fiiiofim^itfil. tsost end a ft* a« a 
giT«ii lutdoir ff«vle«* Xa tii« pg^BmH iavtatigftUoiit utid laosalo 
i s found to dxi0t i» ooaplesE with %m othex 8@^  tcdaniesiblo 
iritU98« ttodoir nalax^a. oof»li«ioa»» Oioglt lesion oaitatds of 
Vg ^la ?^  iaoiatt* of mida ttossiio vicuo w»f« aseS foe ©ii tlio 
oxptfimeato. Beaotion of Yaeioas ^ s t a «tf@ pe«iodLoalXjr 
eliookod fOf the p\isl%^ of diffox^t ieolat»£i» A otudy of isost 
xrooio of 0^1 tuo ^£09 isolsttos oxbiMtod mmsr <3iffO£#iio®« 
in e i^a t^osiatoiogjr* 'i^ e^ptomo pfodiiood oo l^ l^ f^tosyl^ aa 
xaXmi^* ;:• msm ^<^ u.* Mim& «•<• diffacaat. ^a 
diffacanoaa bafewaaa ?g and T^  baaana wall aataliliahad dua to 
thaix loaal laaioo xaaotioaa on diffaxaat liaaHa* YQ caaotad 
loeal l / oa guaf (JKHfisiiJ JISlXMSASlSltft) t aad V^  oa 
gftfagj^ Ottm eppM aad i^ aiy»£fittft Slallftil* »^^® % »ot oa aajr 
of thaa* ^ fat ao leoal laalaa itaat haa baaa idantifiad foe 
f^ « daaidaa* 7j^  pxodaoad aratvaie aoaaia ar> ^oaa oa aaaa 
vac* caataadae aad aa caaaUaa ia (leaat Kaxtiiaea aad Fiatot 
wbaeaaa Tg peoduaad loeiO. laaioaa oa Hxamt liaetbaea, naaaia 
oa Coataadae aad laoal Xaaiaaa aa wall aa aoaaio oa flata laid 
V3 pcoduaad quita diaaiailax a^aptoaa aa tfaaaa auob aa laaal 
laaioaa oa Finto aad laoai laaiaaa aa wall aa naaaio aa 
0Qat«a4«f and 6ireat Ms^tm, Ml tM thMdit l«ola««» 
»9 ptyrtloal pxopoxtl«s* 
end ai^ <siiaudtitt£i (|0@3) aaa idtaUfioft as s sualQ of <K}amofi 
beoEi fflosoio tlftts. ^83 a^ssdi OA ttm pcsstat studissi ucld 
nofetls rim9 asseJdbea Djr ita® Ci@7£i3b) cppsats to lie t^ « oaais* 
?0 isolAls ims pli^sieia pcopsstits UW and MP)» liost 
i;aiig« and to eom® @xt@at ^ s t fsasUoa sinilax to eowpsa 
nossio Hm9 x^oftod j^r Ds&s Cl@4t) aad Qtaat (i9dS) f^ oa 
fxinidad* 2lis iofi^eiri^ J^ fi yj.tfa as giv^ ea &/ diffsxoat 
wot&ecst S4 tmusB to 8? dars* 
?g oltlioagti «es«sblo8 uMld mosalo tlxas xeportsd 1»7 
Ojdvastava j l JL« <i9i9) ia s^ptomatologj* etxtalo t»st 
jrsaotioas sad to soas sztaat ia fh^rsioal pin»pectis8» jret It 
oaaaot l»s adSQitiatsljr eoa^axtd t^th i t du« to i t s abstaos ot 
iajtoxmatloa oa t&t ehisisia. pxepsxties of tlis vijnas* 
^•a stftalc Yijus (Fisast fiifus 3) ir^ e>oirtsd l»jr 
Qbaabsciaia (10^) stows smts siadlaiity to ths pjrsssat vijros 
(Vjg) ia pfodttoiag Xooaa. issloas oa boaSt ia tlmt i t i s 
iaaetlYatsd at a irsff Idgli diiatioa (IxlO"'^ ) tait has 
ooasidsiabl/ loi»S£ '2m (7i»d0^a> as soffipatsd to Y^  shioti lias 
im 0x10*^ - ixiO*^ aad tm bstwssa 9£->9ft^ a «ad althstaads 
«g«lag Jji lUUQ^ Dt 41 4tiyr» a» eonpaftd to 21 diyra i a Vg* 
oowp^m ao$aie Tiais jf^of ted )>j^  Hsjriaai ead Kandmawaajr (1061) 
Has ^m hi&h9K (9S-»9a^CI) aod I ® (3x10*^ - tolO**). loJf«ov©jr, 
tMa vijras i a fd i ctia|»«d (909si3 ajti)« ijsotltax oo^aa ffloaaio 
•ixaa tfpoftad 1i/ <^oa»lu Jtl Jil« Cl9@6) though g^hmkoaX i a 
aaailei (^3 ap) aaa diffajra i a pi^aloai pj^ o^^efUast aioda of 
ttaaoodaaioa bjp e^Mdet lioat ^aaga and i a a M l i V to iafuat 
uirid* 4@jra»al (itldi) daaociliad a ephexioiil (£7*30 sp) ooapaa 
noaalo Tinta aajroiag^ioalljr iraXated to beao paQ, cottla vicua 
aad ^hioh alao dlffaiad f^^s tha pf asaat i»irue (V^) in 
ptijraioail pcopairtiaat ^^^ xanga aad boat taaotloa* 
iiawdaa j | jy^ » ( i93i ) tapoi^ ^ed ^caM l»eaa aolt la vlrtta 
aMo& is Qpt^isie^ Inxt ^ i ^ H t l ^ dlfXa^a ia «\yl^  (0b^O) aad 
BW (ixiO ) vtx^h i a vsxy @»io& loaac t^iaa tlia p«aaaa% irlcua* 
I t (Vg) caaaffitoiaa iMV i a aa«taia ptt,yaioal p^opaxtiaa 
aa tapoftad b/ niasi j t | j | ^ * (i973> aad Magalah and VaaMattt 
(19d3>* MavavaXf bteauaa of i t a aon<»iafaotivi^ oa Caoaiaaa 
ooaalttdad tbat i t i a aaithajt a alfaia of mf aa« at/piaal 
•oaala diaaaaa af %aaa« 
Capoox aad Vaaaa (1943) daaazibad a dolielioa aaatioa 
aaaaia vitaa aaiaiat to Mf ia pi^alaal pxopattiaa tet 
f f 
di t fMiag MfolQ^ioalXjr «• ««poxttd bj BaaoMl (1969). 3]i« 
pir«s«At ifirtt« ! • l ia i lax to dolielios •a«Udii ttosale tixaa 
«lt!i sespeot to f i t ^ t dlffeee fc^a i t i n oysptomitdlegjrf 
lu>ot taage end liost j;@^}tieji« 
Sht pcMttdt v ims (Vg) ^ * o ir«0iQil>le» tobaooo a«o«oai» 
nxas <P£L09, 20381 BawdttHi a94i{ Ba«d«fi mA i?ici«» i94e ana 
1943) in f t^sioal pmp&MU^» and to a oottalii «xt«at In oliap*, 
8le« of lh« idLam fat t ie lva Imt ^ff@«» fxos i t in i t s aoa« of 
tfUQiiaidsioiit Itost jesEii« and ^ » t ir«aotlo<i« aurthcif t l it 
pff«««at fljrao M s s Xisitsd ^ost xsngs and i s £est£iotsd to 
tfaitt moabo«s of tUs fsa i l^ ItgualaQsas «^of«iis fH? has & wLds 
host fange aaa i s ooafiasa to tho Jfoots of aataxally infeotsd 
plaats* Eo£S0vo«» ids pirsssnt vixus i s ei^ stesiio in osctalii 
•axistiss of gm vfalqi^A^ and aot so oa othscs* tiliils 'MV i s 
aoosjratenio on a l l tho tiosts iaQHttdisg £• im^^ i f t (Fxiost 
1940)* ta i l ius to tjraasolt ths p«essnt vixus thiough ths 
agsao/ of soil by ft^^atsd tssts sx^itdss tus possibility of 
i t s jrtlatioasbip w^m mf urttieU i s soil bsfast has a Aiagus 
vsotox sad» tbsfsfofSi bsloag to a diffsxsat gfoup. Siailafly» 
bsaa stippls strsaic viiiis (a stjraia of t i?) fspoftsd tir 
fiiltoa (1900) i s also soil boiras aad bsoosss systasio aftst 
dsvslopiaK asoj»itie isoal Is^eas on bsaa« Assoxdiag to 
Bawdsa aad ?aa ds« faat (1949) bsao smppls stfsalc vims has 
fm bstsssa mHMi^Qf sm isio**^ dspsadiag oa tlM vixus stjraia 
aad wlthataads dsslesmtieaji«-dzis|l t lMas fox a loaf psxiod 
•f T\(o\3 
siailat to th& pgmmt vims Ml 4i£i9M0 ia imot tmm® and 
t>@afi aoealo ilfus' (cai?) in mm'^* pmtiQl^ il&@ ©ad 
Sti© ]^£@0^t viifuii l i ke e«t«te ^«ii i aosalo vif i is 
(S<9i^ ?)i m @txi^ o df 8«>iillk@i»i h9m smaM& viitis (f«<^«8 and 
Oii3.tifa«@ 330/3 ttd FM 313 ?^ i s a^ptoaaemt »lidi« on 
o^@if9 i t io ^@t€iyi0« I t £«8«&2.®« Bf&Mf In ptQ^elm 
mottled f9d@ ^t& n^ atdx soared bloteti®^* £1 als9 j?9®esil>l@8 
BMV iZmm&^eM and 2a£te«i ^4 i ) nitli jr@9f@et to ph^&iQ@il 
pfOftfUee bttt tmt lu i to foaotion on bean* 
Altlioiiglif t&@ pireetiit viims ^m gmmhl99 ^«p«a 
•Ifaia of Bmf$ (^SMf (^^Iiotd m4t ^ i t o% 193@; I'uM» 
i9d3 oad 19d4) in ooiroxal fo^ooio Imt diffojra ixnm i t in 
i t s i^do of t£M»iiio8ioii» flio ffosmt fijuo io fiot tjTimaiUlt tod 
hf oitliof boan l6«f b^otloo not ji^ Hide i^ ioxoao Qpilif i« 
txttaaad,ttod ti/ n tewt ioof liootlo i^alt@c aod iloii«o/» iifO). 
^fogim oRd Cfiaitolo CiSdEff i@d4) otudiod ^ o foiotioa** 
tthlp of saif (EiBiaioyftx aad inftott i9d3h Svnir (rofleoo and 
PaMnOf mm) aftd i^a^V C^opiioxod oad j^ltoot i9dS} aad 
Xipoftod tfoat alliioug^ ^YMf diffoxa f«0M SEif ia boat taata* 
fa 
Host jr«iWtloii ®» W9XX «• to 80B« «xt«it ill piyreioiO. 
p£op«jBtlt»» ^9% i t i« akift to BMf thm CpSM?« Dt@pit« 
tho faot m&t tho abovo 3 vifuton Oiffef id xatoa of 
©lootJToplsoxoftle aigcatioAf liost caaga oad lioat raaotioa aad 
ata alao liava tha aaaa aiaa and ««a aatologiaalljr i:elatad 
thotisli not ideatioal hm9 a^@a ooaaidatad aa ©ttaiaa of tlia 
aaaa virua gfoup* ^ a pcaaaat fijriia iafaota oowpaa iika 
(^aM7 ana alao e^im Uica ^Mf thacafoirey i t ia naafoc to 
miWw 7ta0 Uoat taoga atudita aira aot aaot^ H to Oiatiaguiah 
toatsaaa tba st^aiaa of tlia aaaa vicua «liat to aa^ of diffacaat 
viiraaaa* 
fo undasataad tha iSaatitsr of the ^tuo (V^) ufidat 
atadjr a o(M|>aiieoa of <»9«a of ti&a apbeifioai idifuaaa 
axt i f io ia i l / traaaciittad oa t^ oafi liae been pcaaaatad io faliia 3i* 
fi»>a ^ a 2a&la 3i i t y^uid ba eiiami? tliat ttio psaaaat 
irima jraaoaHaa muf in aavofai jraaipaeta* 
St&a pxaaaaoa of oji^atailiaa bodiee ia tlia ojrtoplsian 
of iafaataa oalla of tlia irima uaaat atad^ aad qpaai? 
(^aiatfwib aad aagatli* i»70) aad thaif abaaaaa is Slit? iaada 
oaa to ooaolttda tHat tka ptaaaat vixaa laaaattiaa C^ SWT aad 
not Bmt. 
Yg aaa tolatata goad caaga af pH, givaa optimal 
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St aolat eoaoeatjrallofi of d*01 t&«f«fot«t in thus* t«speot» 
it f«««!iU«« 1M? fmd '&!? (itiiaX«iiri l@3a« l ^ ^ aad Ffiett 1933). 
I t £08ttttle0 SMV iQ i t s pu trngm tog i t s ifiX«otliitjr ( f Jdetp 
l&4&a)t p#ot«lit p£«<d{»itiitioii mA to oxidatioii (lexiita «ad 
Fatlnot 1960) £^a i€s tdl«£iiao» to oii^sioaltf* 
Wm rime %tM%t attiajr lc»««s i t s iiii'eofelvity «ltliiii 
B w9ttks UASM ixosm ooaaitidds i^9x«m SMf (Pxlo«» 1040b 
i^s^ dl 1046) lo8«8 i t s ial'ootl'vlt/ iMie^atel^ m^ mMV 
itetkm aad FaUa^t WUQ) iretalfis i t * iftl'«otl¥itjr ^0£ 10 ^tties* 
'i^^c«foi!o» t^e p£«8«iit ¥ijni® aiffeca fom ^11^ la tliis sespeot* 
Beeause of 8«ea bocno imtticty (l@0£«sw* and loss l a 
vlsias eoaotntxatioii vdtli as* i t C? )^ £@a«ii1>Ie8 «ltti 4A setala 
of SEI7 (£auao^@« aad llaft«£t 1&49) @uia ;;iioo (1953) aad i t s 
xatoatioa of iaf to^vlt j r fox laofo tliaa ^ itoaths ia tii« 
dtaioeatod loavoa i t i s faii:t oloao to m^-iV ( foikts sad 
Fattaot I960)* 
PaxifLod pJTipaxatioa followiiig <Si;osaa ^ d £«lBl>l«*a 
(1964) aotbod hMkM iMoa ttigltljr iaftotioas with a diitttioa*oad^ 
poiat titxo of IxlO*'* xat px^afatioa folloalag HolUagt aad 
Stoa«*« (1964) a««iiod (btttaaol omtxiAicatioa) «aT« aazlMtta 
iafootlTlty aa ooapattd ii ith etliac two aalbodt* wnoa 
diffoioatial 09at«ii:^atloa aotaod was tdodt tha paiif iad 
S*! 
pigaonts aifflilat to $bo8« as ftpoctod b/ IttmSSet and i?jrie9 
(1947) Ibr SH3?. 
l^ @ot«Oft miato«oop;f QI* tli« pujrifittd pir«^araUoa of 
tti© 7iftt» (Vg) a«^'aU¥«ly atala«<l ultti ptioi^hntaaguatlo aoid 
(i?i!4) £3Voalod i6» mofpfctologjr to ^e a oplxeiioal with aa 
avaxaga d i^a te t of IBS a|i« 2lia patUola aiea o l tiila TICUQ 
XB eiaiXaj? tt> tlioaa OJL' BiMy «it£i 25.5 ejii (pjdaa JK| J i * * 1049 
aad l U I a f aad FJdod, 1949), SBM?» SvB^ iV and <^0:ii? idth 
Qa SO op (0cogaa and tixlabla, 1^64) • aitltayigaf chaphard and 
c^toQ (i@@8) £ep0£tad a Bd m^ diastataf itis 'J^UM^ mhioh 
^ e ^ o^oalatad istm maaaufaaoats aofoaa oavefal pactlolaa i a 
a paokad a££^. Uados tl^tsa ooaditioaa i t was aot algaifioaatly 
dilTafaat JTi^ ia tha %*|ra fime aad aaooirdii^ ta Haxl«jr aad 
«^ at»ar ( i ^ ^ ) f tiio axaot cippeasaaoa of a irima paxUolft dtpeads 
oa th9 ojfi«ataUoa aad alao to a a®»«alQ axtaat oa i t a dagirao 
e£ Iwiaxalaa i a ma eliaet of ^lA* l^tafosa* aocordiag la 
dxogaa aad f^fia&le ii;#i4)» €0.1 tba 3 vljraaaa «a«o ooaaidoitad 
xalatad tet diatiaot atraiaa of a aaia «tma group. Zo 
paxttoia aoxpliolog/ aiao tlia pxa&aat vima fa l i a tiadax {IMV 
ftxottp of virutaa* 2iia appaaxaaao of two %ip9» of paxtiolta 
(a^pataaUjr »^th oAd altliattt auelaia aaid) i a aaalagaao to 
wbial haa l»«tA Jioaad aitl i aavaral otbat apbttioal ox 
pol^hadxal vixaaaa. 
m 
£&• aii%ig«nlo aa%tf6 of tli« pct««at vitut (Vg) IUM 
4!li@ aatlttfuai of tho ficut has a Ion UtX9 sm eoapaxtd to tltot« 
x^oftdd &!jr Pi*io# sad Blaeic {1946} and Qxosttn and Efittbld 
(1064) foir uBi7« 0««olosioal.ljr i t <&)«• aot eoe«BbI« oowpea 
mosaie rimB {OkmivOLVL j | | j||^ « a9^a>t bto«a btaa iao«alo •Ixao 
(Ii@i and Inriaaif 2i^ 70) and uxid isovftlo vifU9 (^ i^iabort and 
Ba^t^mMimtit X9$S) os tli« pir«««at ?^  md V3 l8oiat«8« :%« 
0£09s pcoteoUofi e ^ ^ 9 s iadioated that Vg and v^^ do aot 
Stadi9» d«alif^ wltii iot^xaetioa 6@ti»«63i ?« end 
^iMMm mlsm^ *ov«cil«d ttiat ttm ^pa««aU# healtby potttLoaa 
of t^o aosaio iiif«et«d l«ftV«B as* aojrt wisooptible to laildow 
iafeoUoa ^ d thtie th9 liadloga «i«« t^allaf to ttose ropoctod 
bjf MullOf iaad IttilfO Cl9@l)t BlUBOC J l j | ,« (1955), ^log JUt Jl^^ 
(1904) and OiMidiia aad E^ehaadbuxl (i9d&}* iO.thought tho 
loaToo woxo aot idooiioAloailjr aaaXjrsttd jrtt tho ftduotion of 
tho fif«l eoRo@atxatioa ia tho ! •« • • • tltusttd Jtiot «bovo 
the doubljT (Ylittflt AiAgtt*) iafeetod loaYOt load* OA« to 
Qoaolttdo that tho deuttjr iafootod losTto pxodnoo iahlMtoro 
and wieh lnhlhltof* axo tirafialoeatod* 
fht optiaaX loaa la yitld ooeuxa tfhea tho plaato axo 
iaooulatod at tho pxoblooa atago with Vg and tho jtoaolta a«o 
OB 
uxid ao«alo vixiaa* 
lioaf fagits^ upplioatloas of &*tliiou£aoll (100 aad 
£00 ppffl o^noeatf&Uoae) jr«diioed th@ nxuo «>iioeat£atloa in th9 
(1009) fot &M? aaa ii^ dEioaOMfi ana i^bMsia C^^ )^ ^ £ i^ "^ *^ 
LmS' Qxtimot® of oltillLi sad Batairs ^gitm atjoat 
iOO per oint oaa CHS*3 p@£ ovat xedsietioa 1Q tiie vlxal (Vj^ ) 
ooaeentsatioa ^sapeotlYdiy 4Mid tliai;« liaci btsxi a dif aot jrtlatloa 
t}«tw«fta diXtttloa of the li«af •xtcaots oad laliibitioa of tho 
vlxtit* 2M8 ^Qd of £0latloa8liip hfto h^en observed for 
•tiaahcap soaido vlrue r^erted b^ ^ aliwtil and ^ariaal (196§) 
aad ttie fiadioga ate elallaf ^ those reported hj Btggor aad 
Aaetroog (i92a)» Hlrai (a»49)» iilae&eeak A | j ] | . (19S9), Eeo 
aad Ha^ /oheuahuri (littd). ne^oaioitdlmn @ad ^ rssEd (ia63i «iad 
Sliania ^d as^e i^iiiimttrl (19d3) D»r ^m* 
Sloee tae etude extraete fron aatare or geralaiitiag 
arid eeede eaiieed greater laliililtioa of tae preeeat vlrae {Y )^ 
thaa extraota froa ioaatare eeede aad dllutiog tae eeed 
extraot redaoed t^e iahlteltorjr effeet oa t&e leaYeot taereforot 
tae preeeat ftodlage are aiailar to tiaoee reported bf 
GHeo J^aaeoiag iwm) for SMV. Xa addiUoa. extraeta fxea 
« • 
iaMi»ieojE# to tli« p«««fQt vimo luid the laMMtocf subataaoo 
l a ooii8id«£«d to ©^ pzotaia^eedus In 3@ttic«* 
lA th» &«#««at •ti;i<li«a« niU&U of ,llj.„ft^ff,tllffflw 
jasSiil oausad 80*20 p«jp e«at jta^oUoa ia local itaioo 
pco^otloQ ^ e $0 ^ 0 7g ieoXatt of u£ld moaaio vlirua. Ihtsa 
fiadloge &i9 aimllat l» thosa is^oftaA by Clupta aa4 i?eloa 
(19S0) Ibf SM? aai tHoaa jre^ortad by Bao axitS liiyrolimidimjri 
(i96S) S&s a £iag-spot atfaia of X'VX* 
l^ raa tha foffgoiog i « looka %tm% tha vijma (V^ iaolata) 
daaosltHid liacaiQ die^aoU.y caaasblaa BM^ gmup of vifusaa ia 
8aY««al foi^aota iHit alic^t^Ui' AtSiem £m^ i t s atiraiaa in oaa 
jfOttiaot o£ ^ a otbof aaoli aa i$e raatriotaa tioat jeaogOt 
a^ptoa oj^jraaaioa oa oastida iioatSi i a a l i l l i t / to iafaot 
oectaiA iioata« aa a apiptotflaas oasfiac i a a ttoett pliyaieaX 
piopajttiaa aad aatiura of vitel iaoiaaioaa* 
th9»% Aiffataaoaa ata euffiaiaat to |ua t i l^ tha vlxaa 
eaiaiag aoaaia diaaaaa of thfaao^aa jfaaa^ o ii« aa a aaa atfaia 
af SoatHaxa Baaa Maaaio Vixua* fiiaiafoi:at tiia njma i a 
aaaigaataA aa *s%yfM* UAd stoaaia Vixua* aa4 abOfaTtatad aa 
3i^ MY« plaoiae i t ttftdaa s s f group of iriruaaa. Baaad aa tfeia 
pjropaxtiaa staftiadf ttia SwQitf aaa ba glrm tha folla«ia« 
OXJfptOgXWit 
V s V * i a/Sf a/0 
» • Fxopaxtjr of taa vitiia aai ataaiad 
2a t^9 pr«s«at iiiir«»tigatlottt ti^jrte loolatt t of tifidf 
I^Hiif ffl^t Smm Waa* ao»«l© *ijni», a i M t f a i i l ^ aaaiad a» f^, 
?g aad ?3 wg9 u««a. Ottt of thoatf V^ 41 d tio^ JEoaot looalljr 
M t pjmdttood aoeole oa gbagfe l^ay t^lfiftMff ^* ^^^* OoattadM 
and no Sjuptoaa on Oirtat Moxthocn add Fiato 1^ 9S^ 
ittooaiaUoiie* Vp osoduood XooiO. Xoaloaa oa dyaaopaia 
fftff|gOBQ|.obi^ h, (2atib)t Bsl^ebfa Ml l lonty i i . smd £*JQ|)LSA£Ul 
Ya£* Ofaat ioir^«ffi» aoaaio oa Ooataadojr aad Xooal. Xasioaa aa 
vai l @a moaaio oa i^iato n^axaaa V^ pfodiioad loeol. laaloaa oa 
i^lato aad looal lealoaa aa wall m aoaalo oa Goataadar aad 
Gfaat Bostimxa* xaa jraaaUoa of iadlvidoal vifua iaolata 
vaat thajcafoxot dlffafoat oa tluraa vafiaUaa of t>aaa taatad* 
JDatallad atadlaa iadieatad tbat Iioat caa<a of ?g «aa 
jeaatdotad to tlia f a a i l / liiiptaiaaaaa. Xt pjfodaoad aaaaia 
ajntptama oa g. mmSL ^ "v £• J U t t l l »I»>^M I* m^lAW^li^^ 
^aajfingjaaiai Boxt» f^^i^ i|pp« aad £• f^X^ajtia i^. Xt pfodaaad 
BotUad foda tiitli watax aoakad bXototiaa oa Maa Tax. CSoataadax 
Aad £• jUiaift vax. £»9» Hia vaxlailaa of £• waXiitaxia 
suaoaptlUa to oaXy XoeaX iafaetioa aad Xoaniaa fxea a)ra^i*X< 
iafaatioa wf JXua l«aicaf axaat iroxtliaxa» Ja»atpa» Xtight fiad 
Kidaa/t ia^aati-X aad S^H Kidaa/ aad tlioaa aaaai^UbXa to oaXjr 
wQiid«Cf wooQgold w&iTt' l^m^*St Pialo oad Ooa u®y ir9£e 
•asletlea of MBS^ JSkQBMMM ^ ^ °^^ £• aartjii^  Eo3il>*i tested 
nere fouad esusoe^ti^e ^th ^itesemm in asTerit;^ of aosale 
SjPptoa©* COaee^eaU/t i t C l^ g> aiffeted iMom tu® otiieif tuo 
leolate^ in spai^tomatolog/y lto®t ^ooge cad lioet £©aotioii» 
h^e ooGujsjrefioe of iueLaeien t^dioe ia tlie ^ideiaaX 
etJdpe o£ g* nt^ lt-^ agja vac* O^nteades and P* mrnngo V3£« iV9 
ejretesiloalljr iofeeted »it£& ?«> ackd etoioed iidtli oae pet oeat 
pMoxifi were o^eenred* 
?j^  had a thexaal death polht C^ a'^ ) tottsreen &e«@0^ 0, 
dlltttico-ead*poi&ti C^ i;^ } ,2xtQ imd loagevlty jyi vftfo Bl>out 
24 hottcs, while 2W of ?g »ae hsiteeea 32-98**C* DfS? ixiO*®-
ixiO md ioAgevit^ l^ll vitgQ 12 di^ re at toom tespeirature* 
SI dears ia oxade si^« aioire ^ea 30 aoathe la deslooated leaves 
at 5*7^0 oad a weelss at O^G of the pnxified pf«gp6tatioa« 73 
eas iaaetlTated lietweea a5-70®C» at IxlO"** «- 1x10** aad 
resisteaee to egelai was 4B»7S houjrs* QQase^ueetl/, V^g 
differed ia phjraloal pxopextiee fxoa ^ e othex two ieelatee* 
I t (Vg) «ae highly xeeletaat to ptetela preslpitatioa (ethaaol 
aad biohlojeide of aexoux/) aad to oxidatioa (hjrdwgea pexoxifte)< 
Oae piuet of fimM aitiittoedl a l x i ^ ^ pMrta of o^^oloaX* 
'ili« oaaaal vl«ii» }^ A s goo4 sttsg* of ^ tol«£iiiio«. XI 8ho«t4 
^ttoir lafoollTil^ &@«fi«ieQ pH ?«o-»7«B, optiima 6«iag at pE 
7«6 011(1 l»o%te» ets^Hlitjr t>et«««a pH @«6*7*0» optiana ^cing 
m pd 0«a« Xt wftft liig^ Xir infeotiTo i& pliospimttt iniffdc than 
plioaplm^ aseoftklo aold f»d oitxio a^ia pboepMt*. Solat 
coftoentcatioas of 0»a@ ^ @a^  0*01 M of piiot l^i&t* ^ffo« at 
pli 7*0 gav« optisttt iafeo$iyltj and ftta&ilitf of the vijraa 
2ii« optlmua inoulk&lloa peiriod foe tho inttia (7^) 
QuXtlpXloatiofi 9m tm> we^m ii^« s g ^ ^ ^^ *^ ''*^ *^ '^ *^ 
sasoapUMllty of £• liJHft l^ Xantts ^ iljmo i&fcotioa AaeifoaaaS 
nitli the iaofeaaa of tlia m^ of tlie pXoiit* !^0 ^fuo vaa 
foonA to tw praaant io all ayataaioailXf iiif@ot@d plant pasta 
with oaxlAua TOaoaatsatioa ia tha Xaaf aad mioimm in tho 
coot aoduXe* 
Vg eoaXd 001 ba tcaasaiittad altliax througb aoil« 
baaa Xaaf Daatlaa aa4 Jany gfWff||fff§ iCooli., J . laiftOU «*l®v, 
aaA I^Utti saiASM ^^^*t vikiXa ^^  oj^ <^*i.¥aj^ ft is&8 maaUa to 
tfaaaalt V^  aad V^ . 
la ^ratattlaall/ iafeatad ^* miSM *^* '^^ pXaot« 
vifua (Vg) «aa pxaaMt ia bicii ooaeaatfatioa ia vaxioua pafta 
of floaax aad oaxipaaad fxttlt. Vlftta aliowad oaljr 2-*d p9t aaat 
aaad txaaaalaaiaa daa ta aacfaaa aaataaiaatioa of lafaatad udd 
90 
of iffitatuf* ififeot«S e««d« It douxa not bii d^ttotfd in %tm 
Q»l»£^ o of o^ieiit ox 8I01I dvhydcfttcA aad stored 0t«d* l!li« 
poaitlofi of tilt oiml* in the pod had ho ^&eiti<3 relation to 
tlie Ttrufi infection ae ^ e vime was found to he irreguiarljr 
die trlhated in ^e esihr^ o of imtiatttce seed* ?^  on the other 
hand ttne eeed borne in iS per oent seede of nrid ver* X-9 
cmd 7«§ per oent hean irnr* Contender mid pero^tage of eeed 
trananieeion sleo •aried froa varletjr to irarietjr in urid* 
2h@ ilrus (?^ > nae purified hjr differential 
oentril^ation monOf with n^butanol and heat oentriftagation 
me^ode* fhe former method although B&VQ highlir infeetioue 
final preparation oontained some green pipaentSf while the 
latter t«ro aathode gave the moat otlear end highljr infeotioua 
pruparatione* 
^laotrott Aieroaeopjr of purified prtparatioaa of the 
vlme CVg) revealed ite aorpholo j^r to he a apherieal with a 
aeaa dlaaeter of 2$ aft* iTagatiire etaining of the vime 
preparation with phoephofetnguatio aaid revealed the preeaaee 
of eapty partielee and partielee ooatalning auoleie a^d* 
fhe anUganeelt/ of the fimo (ir^ ) »ee eetahliehed. 
In the preoipitlB teete* the preeipitia^end-peiat of aatiaenMi 
with the pttrilied auttigea at a ooaataat dilation of it 10 waa 
9% 
foaad to bt %%XBB v^eh £eaot«A e^90%£keaili» It pfodaocA 
a ^»aatio t^9 of p£«<!ipi«at« (^atftottetietio of 8pti@JBioal 
¥ifat«t» sue aftxlaiia 41iltttioa of l^« pttci^«a fr«pa£fttiofi 
that gave & posit iw jroaotion #fte) jCoimd to &• It £5$ ishoii 
iaix«di ^tli tb@ aaUsdXiaa at a d&liitioa of lfiO« ^ e vliaa 
^ a Qot diow aajT a^fologioia rfldati^aelsip ^ t b ffphocioal 
irici&aos suoii Q8 oo^ea suioaio (^^sfi^ lti jyi||]^»« 1068}» bjroad 
boaa mosalo <!i«gl QIKI HQSlaolt 1070)• t^0 pctscat 7^ isolate 
0£ ooiamoa lieaa ©osalo ^vlfue eatll@t eepO£ted to b© fiesnious 
elmi^ ed (Bjr^ S^ed m& m^&!it% 10&&) end ?^ isolate* disss* 
p£Oteotioa BtaOies i^m i!@iroal.@S %M% VQ wae uaSou^teOlf 
aiffe£^it f£oa V^» 
lateraottoa of \ ^ t b MMiSM SS^UJm^ jrevosiea 
that tHe latteir aev@lope4 oa viima iafeotet leaves of lieaa 
aaS mm ceetjriotedi ^ gfeea tieoie* i&e vicel eoaoeatratioa 
in leaves iafeoted ttjr botb vlme and powdety mildew was 
ceiaeea litjr 97»4 pe« eeatf e^ le Itavet iafeoted with -nras 
alone of t)ie plant ceiaotion «ma 84.£ per eent» 
whea potted plants of uxid «ece inoealated wltli vtzas 
(Vg) at p£e)>loo2Bf i»looa and postbloos stages* the yield 
loeees eece 2a*i4» 9*40 and £\27 pec eeat jrespeotively. me 
faotoff ceii$»otteible fbx less ia field was the csdaeed aumliec 
of seeds pejr pod us well as feeei; aianhec of p^Am ia the 
diseased plants as ooapaxed to the health ones* 
• f 
eomotatjcatiea of £*>^io»tik^l d i l l i * oil I,«ST«0 bftfd£# 
iimeiilfttloii t i l th ^ « i l xa t C? )^ S^liljreft ^ « ai|apt» 
^® idxeOl i3&iit«iittAUea ligr iE«iO p t t 6m%* l l . t leaf estiaetn 
dJt e M U i and u t^axm «ixi««d iOO f®t #«at ana a5»<l) p@x &m% . 
««^0tio{i i a le ta l l.#i!i.Qm p£edtt0tli»tt £«f^t0tlv«l.f | J | J i l l l l * 
BoeA extxaotii of i i £ i i i ^ « t t c»»%«ii oni^ai i i^ntaiatd vii;».« 
iiiM.I>ito«» flioa t99toS J ^ J U M * ^@ ex$£a§t« ef aste£« anA 
gdninatif ig aoeSo o£ m^ i oig%««t a gX9at@t ialiiia.Ucia nf Hie 
vidia Efi eoffipmsti ^ t t i «stcii^t of ismat^fir ste4. £l&9 jreiuotioa 
iA l o o ^ losiott pm^eUQm m m^- ^»^ m»2M p&t o«at tpj 'i&« 
Oa« lmai««i aai t«« i t / inudkOtioot soleotloao sad 
Hoxaplaon l laoo of u i i d noio ooftoaoi ^M xoolotoaoo to ?g 
loolato of «ici4 aooaio tui4«t a t t l f l e i a i iaoonlatioo i^aditioao 
i a tiio glaoolioaoo* Out of mm IQ t4Bm^ 33S/3, t7*iS«iwa^ 
i l«tl l o o M , 7£» l@0, iS iA , l 8 t B , I9£» J IS , STT^  aa4 1032 «0f« 
lanaaoj 2»i7 U l ia i j f l O i l o t o e t ; CO«t, £0 9 ^ 0 3 , XO UU^t 
aasti»4§» «**4«»S, 4»S«S» f«ga9, fli*a*99»> l>M l o o * 5, IS* i4» 
S3, ?9f S i , 94, i a 4 , i i S , iS4, l ? f , t a i . I t s , S4d, 5?3, t u t , 
ia33, iwm mA 3 .^1 f o o i o i o a t ; J l - d i , I.«3&*3, Mfto^S4, 
4*»&*i*}., i 3 « 4 - l t i4»@, & * l i , fX.0 l o o 40, i t , 70, l i 9 , 1S8, 
a8£ ,^ 17a, m), Um, §01 , 040, i l iO, 5 7 i , $77, S84, 62$, 631, 
«3t» 714, ii81» lUU tm%t ifi7e, i8»S, Sia4 Iht4«, ^ad 
£li«4a X*l(i|yto«)t PliZ'*^an aad U Xie^ VSH mdMat^y «a«iataa« 
aaa B*7«, Bi*^ii ^*ii i*Mt I3*10t ll*tlf KlMurg^ a<»3, EbaAaf 
iCfiatiaa, 2>»84, 4*«41«19, li %b* @|^ , Maab X^U ^f»h 4i*lSt 
riasn JJ^  3&-»5, :;o«&5, i*s« 4«*4>3, S7<«id»s»i, £,2%Qt PM ^ea 
@&9 g29» S3Sc iiS,3M, 3a0, 376, 440, 447, 431, 494, 438, 
460, 474, 4@8, 483, 318, i33, P?S4r*l, ?tt8a«*l, fnea Sal.l, ^-9, 
«^>63» trp0«l aaa a U-S aodata^aljr td M^Mjr maaapUVla* 
six iflraaaa aad iba MgJUjr tti ieteat nmtlalifa wata 
aaaa^ aA foe vlfua aoaaweiiuEatlaa. ?aeiaUaa lO 140S9, 27-»l^£*2, 
:>lfu 1834 aa4 4^S^a 1^^ d^ d aot Hava any vleaa la th«a« Vatlaty 
338/3 and £>lfil Io«313 al^ai^ls lacuna eci&talaad low ooaawitcatloa 
of tk& floaa aad 9%x% a|»ptoislaaa oaxdaira of tha ideaa. I^a 
MghljT jrasittsiit fatlatir ^27 aisl^ ia of gf«at oonaecelal 
value aad tiaa fdao "^mi. f^ojetad to ^ tolaxaat to eoaaaa 
liaaa ffioaale aad ar42.1a« %aaa »aaaio vlKiaaat ^ iaaa (197S) 
luui low aoaooattatloa of thla flxaa aa will and oal/ 3 p9g 
ao&t 9laata tiioaad rmg^ al ld lafaalioa at Hi tlia irtcaa* 
f£o« tiM oi^va wotk aardtd aat ia tba pxaatat atadlaa 
aa tilt 3 laolataa •£ ujid aaaala iriitia aad otliai paKlialiad 
aoeic fiaa Xadia oa tli«a i t aotfld tea aafa to ^aalada tfeuit 
Vj^ t ?g aad 7^ tioiaoi to taa aoanaa Moa aaaala, aoataaia 
boaa aaaale aad aoapaa oaaalo rkxnt cioapa xa^paatiTalf* 
94 
3 dlt t iaot si^ t£aaisii«9lM,d vijrtt««s uadtir aataxal eo&diUoat* 
On Wi9 i»a«i« o£ ttadl«« Stuiag «iti i fi^apteaatolog^t host 
teoaamlsaloat piUEifioaUoat 6«xelogjr and ol«otfoa olotoaoopy 
V|g i » d«eigiyit6d an B«V«£« u«i4 mosaio il«ti8 and atobjr«fiat«d 
as OirXlV* '«Ma iaolala aiatiaaUy £«8aial»l@a Southoca Baan 
laaale gfoap af irimaaa la aairairal fespaota Imt eiLlgiiUjr 
t t f ta ta fxoii i l a @ a ^ a t i i ^ a t t^aa in oaa taai^aot ac ttia 
ottmt* fbfxafoc«f i « i a aoastdaiead aa a aaw at«ala of aoutliafa 
beaa raaaaio vlruia* Q»aaa^aafi.^i th@ following ocjrptogcaa 
fi9£ tMa aaw a^jraia of tl^ a irifaa ^ a &aaa pitopoaadi 
* / • » V * f £/wt i ^ 
* » Fj»pec«y of t&o vUrtia oal atudiad* 
^casalt H*0» (2904)* Id^aUHoatioa of Q9i»)«a motalo vlras 
isolaftM. Qima* Io*&4»a 9f tH* statt of i^ifi eta tarsi 
BM6@1, ^«0* {%BB9)» 2h9 ati«ig«n«(ilty of a>Uchoo •nation 
a@iat '^ '•O* (19§D)* ciudiee of Soatheta t»e@ii sovalo in 
Baaoxoftf J*B* (i@6@)« Pofifloatiod m^ pcoptzUos of boao 
pod aottl.0 viiws ai<s^  assooiatod o@atjrlfugal and 
oicetJEOphofoUo cosfoaeat©* JUsalftgl* J||i 419-27. 
JaMofi» i.'«C« (1941). 2h9 eecologloal roaotiooQ of vifaseo 
offiAalfig tomeoo aeofosie. Milk* A* MSL&* iMM»9 
"It t»9-70» 
Bai»aeik» F.C?. ao^ t>ijtio» a.JL-* C194&)* A pf eiittlQ&XF 
aieseiiptioa of pn^a^atione of ooao of tbe ^rusos 
GmAslag toUoooo aootoeis. dMlM* £* SMM* U§S^'* 
Ba»dea,^.C. and «>i«iei <u.»« (3^43). aijctl^ oxf et^idlos on th9 
pttfifioation and pgopes^99 of a now virae oiaioiog 
tob&ooo fteofotlo. aleit. £• jgEftl* -ga^.* l i s £7?«i6. 
•i»a«a«ii, P.a. ciaa ¥aii dor taut, J.f.H. (li^4i). Bam stipple* 
•txoaic OittooA V 9^ to1»«eoo neoxoais vlxus. iiidaekg. 
UIM ij'lantijgiskfft. J||t 14£-»90. 
u^wdOQi i^.C, i&tntidiMxit l^ .f. and £M8«ai.«> B. (1981). a>aa 
pcopatUaa of &«oad>1i«aa aottla vlfus. Ann, anol. 
k o i . . Jgt 774*84. ^ ^ 
Blaotaaiak, i.A., ^sa ftaalc aad itaraoxii a.iu (19S0), ma 
laMbitox/ a o i m t / of plant Jta.oaa on tua infaotmty 
of potato viftta I . yteri9aftttig|iM.y» M^ ^®** 
Bluaett S.» StoldoYi Xi. aad Hoxdaxt A. <19ft9). On tha 
autual falatLoa batwaaa oaoitabex ooaalo aad euoaatoaf 
aildaw (j^xalloiAafjr ooMiaaloatloa) • Phytoaatb. j . , 
*Boa» ^.f Hagadoxa, l}.i. and Haantst i«. (1940). aaggaatad 
pffooadataa foe Intaxaatioaal idaatifieatioa of laguaa 
•ifuaaa. jyiaikl* MX* JUIU** U* 3Sd-43. 
ii 
Seliii«llK«lhoi« &m aaebMla f»d«a««uid SttiLoli«ii«» 
•tadies on «Cl.dfi#ir ^taa vifustfi (Ftmotolut TIAIS 1 
Biree ,^ £i.S*» riufca^, £:«i).Q»» ilutetittaot &•)?* m^ others (1@43)« 
iIa£U£ :^''a^licatloa 0&*« ie% toji^ i 
Oapoo£, UP. and Vsucsai p«^* (^4B}. Saatloa aoaolo of 
d^ a^ Hia, K.ij* cmd is^ '^oliat^ Ohufl, Sts-* (19©t^ ). £atej?aoUo& 
bet@9«sa aotsilQ aai potidetjr alidav ia tot>aoeo» iHSlaa 
Qtmsi\iBSl&iQ^ l'«.J« Ci939)» foa alrealc (Piocra vimtt 3}* 
i^intf 0«^ i« (196£)* iUftkec oludits oa ttio boot jcaage ead 
pxopoctlfo of ixialdad Coti^ oa aooaio Tlctao* JaU* 
Mil* JlAl«> M< i39»6S« 
oaoaultt* »•?•• ^olildafisuida» 3* aad M«lita* a«C« <^38)« 
Studio* oa a jooalo diooaoo of oowpea f£oa Xadia. 
caoo» r»C. (Ii55)* Effoot of sood a&tutatloa of iiouUioca 
iMiaa sioaaio viiao ia ^aa. i^MftffiBt^ tolftaa* M* tf^^U 
HhQOt F-a* aad a^uat^ oxy «•«!• (19dS)» A ao« otxaia of 
totaeoo <iOj{<»i^ ot viitto iaolatod fxoM boaa* £I. J|j|« 
doott t.. (1064). amo of foot of otbox irifaooo aad of 
tatpoxatajro oa tko maltlplloa 
iOA* ^al« <^iiAiL*t J{|S 1&1*64« ialtlplloatloa of potato vlamo X« 
Beaot ^•'i* (ld49}« ObaofYAtioaa oa a Tliao dlaoaao of ooapoa 
la fciflldad* jlBft* jesi« Jlifti*t JS< 3ft7«33. 
i U 
Dtocoflf ?*J« (1975). ac««fi cevDltttloa aaA p«8t9. jZtXXUAlJ 
Uuggatf ^.^ii. and Aisattcoiigt #^&* (i3B3)« ilit t f f tot of 
tjrtatifii ^ « vljras of tot»a«oo laocaie «dtti |ttio«» of 
IMo^t J«4!» and K.iug» A* (1967)* £itJRiote£« of bi:oad ^aa 
HiiXtQa^ B»W* (1UI30)* Vftflants of tobaeeo n9om$iB^ iriifus in 
0£ioali| 1>*E* and Hi^ Qh&adlmrit S*.?. <1374). Xavedtigatloas oa {s^ OQplamid diaaaaaa of i^laata la ladla* Xat Oixfaat 
iiaada ia t?laa% i^ atHolog^* ®da* a*:** Sa^ o^ aadiuuri {iad •^j?* ?«»% hu^mm U&iv., Bou B^t*, I.i3»i£i» 
QibbSi A»^ «t I^ ixoat H.jj* aad ^oda* il»D* (1963)* Pxopoctiea 
of puirifiad pr^axatloaa of luoscaa soealo viirua* 
uoftaetf B*l. aad aoctaact i-*A« (1030)* ^atiiaea of 
Bio(^ «Uati;jr**« JTotm Hlo / aad (ioas Xoo«t io» ItoflEf 
vJhapmaa m4, Mall Ltd.* Xioadoat Sxd 'id. pp#1076» 
tljray* ^'A. (19d5)* AotiTii^ of aa aaUvirai mm% fioa 
Moeajfdia oa lie irifnaas ia iataot pXaata* 
fftrlgBilliiiaiMyf i | t SiX*^. 
a£oi£ao» H«a» aad i;.ilabXt« IC.A. (X9d2) £b« xaXatloaatilp of 
atrara baaa aoaala vliaa fioa aaxioo to Southaxa 
toaaa aioaaXo iXfua (AliaU,). Pi^tooati^i^^^Y, | | i XS. 
ajrogaa, a.a, aad KxlateXt, E.A. (X904}. ma faXatioeaiiip of 
aoYofa ^aa aooale ftoa Max!00 to Soutliafa baaa 
aaaalo aad I ta atiaiaa ia aoi^aa* fftflggittelttiyr 
J)|t 70»76* 
«ifogaat it«d« aad ialiiaif» tr«0. (X94t)* Xataf-taXatioa of 
Baaa vifaa X aad Baaa iritaa S aa aiiawa by afoa»> 
pxotaetlea taota* ^^ lMrfffffiiHMH9ity» i8> *W-»9« 
ittptat B.&« aad FJlaa> »°«0. (X9l}0). fjrodaatioa of pXaat 
f i«ia iaHiHitofa fcy i^agi. fferl9atllWl9iy» Jftttdt-at. 
4ir 
Httietl.«yrt Of and ilaaai«| f * i . {a.9J^). Saac^i&g dlottts* of 
Eixait i* 11940}« Imiotlviitioii of plioil viiuots V Juio* of 
MSUI^iSM. M^^M* ?oi^q-f i^i^mi)* Jy|t i33-34* 
3o3.li»g®» Sft md sioafii o«i» (iii4}« iii7««tii*tio&8 of 
ilolaoSi S*«Q* Cli€3). 'Zh® UltotAbl.® vi«ude«» Ctefpl* .io«@t 
Euiawf H«i« m& at^a^f 0« Cl®$0)« 'M@ otmGtaMe of tli0 
-^ irolo&a a^ell of l^xnif yolXon QOOSIO irirao. £« igj^* 
ElooooXf P««lt CJ^^i)* '^ S^  Titus aieoAsos of pfo^alajgiQ. 
^1/0140 sad aoaieagQ spoolon i^S t&o miisafioaBOo 
Iol«Ot S*#. and BoaOf 'i*l<« ( . | i f2)* ita411o« oa ofaptoao and 
fflodo of t#Aii»io«loa of t&o l«af*OJd,iticl@ Tifuo of 
u«i i noon ( I M s i a l i a ff<jta|^Q I'*) • I f i M i i 'iMMSi^*' • 
EoltOt S«J* .attH loaot x*^* Cii75). Hoot xaago ana pjropottloo 
of 'iuld iMaa loaf oxitfcXo Yifna* IffMi^i i^ tgo^t l i . . 
&ulia« c»i« <l,9#3). Ii«&4 oemiKoaoo and fxopoxttoo of 
ooii^ oa o'ltaia of ioulbota lioaB i»»oalo fltiio* 
gft l l i i l i t l i t lMyi l i t 7$@»99* 
I t t^ t Q*** (1944)* fuiif loatiotti ootolog^ aad pxopoxtloo 
of a ao« ooifoa viitto« ghy^i|^t^liii»f* j | s 089-5?« 
Lattff8t» I«A» «i4 fHoOi ^.O* (1947)« Slootxooliofotlo 
piixifioatioa of aouflitftt ^aa aoaalo irijnia* A 
hwonmxd% B«i.» Jmd9X9&S9 «f*^ *« K«a««b«ffy F* and otli«rs (i9Si)« 
Oft th9 alstf 8hap« iia4 jstsr^ CAtloa of aoutfeLttn l>««ii 
aosale vira* and toliaeod ntofosla vifiis la soltttlon. 
0tati«« oa ^uth«X8 %(««ii saosaie iriiut« 1. ^Btt» 
8!ii^ o» £yrd£atioa and «l«gi9atafjr e^m^ooiUoa. MS^» 
Ma^Uit«» i&< 4e7«77* 
Moats» ii.J* (Idas), stadias oa a aaaelo dieaasa of | | i g p l i | (|f|t,OTfa|ifW|^p* ( O * Clxato). S.So. 
^ulXaiff K.O. and u^&eo» ^. <l98i). ^ e xaaotloo of vixaa 
lQfao£ad nolato plan ta to ?li,y|g8)t>ltmyft li^^fgfiim* 
iM» MStL* Biol.. J^ « 76^. 
iiasaloli9 ^^•^^ £^ d ?aaM.ath, E.a. (I9@3). A irijeaa eouaiag 
atypioal moaalo dleaaaa of ^ati. £gd. £• Miegobiol.. 
BaxiQiii»2.E» (1900). fallow noaa&o of mmg CPimqapiaa 
Hatlaalf i.K. sad Kaadaaaoajfy :^ .E. (ad@l). atudiaa oa a 
noaalo dlaaaaa of eoi^aa ( ' i ^ a s .iJl,a«iJkg ^7A) 
H«gi» ^.S. aad Saiiaait ^^ K* (J^7a). A aoaale dlaaaaa of 
bxoad^baaa (Vial^ faba l^*). J^EOQ. 97tii Saaaioa lad. 
Sei. Jpa«g.» g;tiag6tipux» 565. 
itolaoa, ei. <ld3£)* Zavaatlfatloaa la aooale of totaa ifhi^paolaa 
iralgafla ii«). gi i^. i i f . j£Ll» Jli* JtSil* jiuS^T J^t 9-71. 
HoaOf Y.lf. (1968). A aafTar of tba Yixua dlaaaaaa of puloa 
axopa la ytlai itadaah. lot aaaual,f<-@» Xa»30St 
a.p. Aixle. Ualir., Paat Sagaf« 1*85. 
Haaot Y.^. (]^7aa). Mosale aottla (uxld). **A aacTajr of 
vljtal dlaaaaaa of aulaa ofoi 
lisik* Jift* Jift* MiiJk*9 i|i «^ 
Maaa, f.u. (I972)i). Iioaf otlaKlo (ajcld). "A aafToy of viral 
dlaaaaaa of palta atopa la 
Jta* Jia* Mkk^ Ji' io9*34. 
p pa la uttat Piadaah". 
I3ft«4l. 
o l  at tax ?f adaab". JlfiJl* 
Ji t * I n * J|uJL«t At 14^t&3* 
& a«« »tf«la of «0^eeo i^sale vicn* ta f i^^ i^ 
9im%@k^ 4i«j« |li?4|» Seed lK3ta« pia^t vlJisists « Xdfl^tiflesU^a 
£104 fii.6pt0sla la sets ti«m^ tdst l^* i:«so»^.t»l8» 
affaetl'Sc.; If^^^la^a^ plaiita« £• ,M|^» J|i«f 
j | t t0 i?* i i . 
i/lpet» Uf» ana 2#'£aa» «^*^ * <^14>* .^va a^leatil apaalea 
af Ha^a* £«J^ * :smt» j§£* JayU.* ii9«ll@* 
fjriaat ^*0, (193a)* «*tetil«i aa ^ « wlxmm of ^^MH»9 
a«axaaia* , ^m* £* MM*» J^i l^3»l£* 
i»£ieat ^.v* ( I f ^ ) * ^SfMpafaUva Iwat taogaa of aia ^laat 
ulsuaaa. ^^ f^ti* £* Mai** S>* '^ ^^>*^ *^ 
ff iaa* «•&» (l»4da^. ma H^ ata^lltjr af ^atliofii %a«i 
i»a«la Yiiraa* J ^ ^ * M o i i f *. #t 19*>]#» 
l»iiaa» ir«9* ili4fta). CStjrtta^Uaallaa af Joa^aitt «aaa 
•aaala Ylnia. JtfyUliif Jg|t 51ft»lt« 
Piiaa« i .a. (3II4A). fatlflaattea aad axjratalllaallaa af 
Baatfetata liaMi aaMla vliaa. j i | i * £• MM** J|< i i - M . 
ftiaa» %.a» aai maaii* i**!. (10441} • ma aatl««aallf af 
o^a%iia«a Waa iMaala vlxaa* fiTtlMilfciltiF' j f t l i f « i i « 
txlaat #•&» iUUisat ^.O* aad i^akaff* i*t*a* ( I94 i ) . 
^aatiaa slaatgxeq^ af ai^atalllaa plaat v&iaaaa. 
f i l 
hm$ D«a« aAd U£^ dlMuidl»ixi» S.;?* (i9@a}» l^urtUtt atuAl** 
on th» IdiiiiilUoii ot a xliii^woe ttxalQ of potato 
firtt* A \ty plant axtcmete* sultajra fllttataa af 
M|^ | l l tg4 ia laatilA and <ai«nioal. JJM* £• aiAEfllMtl** 
iioyohaudlniilt «>«i^ '» oaa ^ca«a4| il«C. Cl06d)« ii;f£0Ot of soat 
plaafe «xt£aQ«8 and aiocoMal. sfo»1ii < f^odtt0to oa tba 
iaf»a«i?i% of xadish aoaaio vlfue* |yBij|» £» IMlSSllliSllM 
BajjrokmdMxi. 3m.* aaa Sttt,m&f D«a. (aS68)* ShioaraoU an 
ioMbltoir of potato vlrao X, iM' I* BkmMSl** 
koo8» A«F* (I941)f i?ii£ifioatioa &&&, pmp9tU,9» of alfulfa 
ffiooalo mm pjfotaiQ. yjteffl^tittelt^ai i l« S34-4ia. 
£iublo-Ha«xto8» U» (190@)* Light and olmotion mloxoaoop^ of 
Inol^slon ^diat aeaoolatad lidth ^etimla fliig*e!>ot 
Saaaalt 0« oad Baldf «r*9« (3.933) • On tho aaa of pflaar^ 
lasioaa la qaaoMtatlva woxk «8ltli t«o plant vlxuaea* 
Sasualf a., Boat, B*^ « aad Bald* <r./. (195^ )^. ftectl&ax 
otudlaa In ^aantltallTa aetlioda with tao plant 
Sol'iaicaxt S«&., tdlaotty Q*u» and ^axna* C*xs>« (1973). 
M/ooplaaaa Ilica bodLta ftiitnd In plilo«i oaXla of 
BlttQic loottat affactad alth ilto&a'a bxoon* 
;>atu, M«i«., Ma^ ahaadliBXlt S«F* and INNI iatii. (1967). A aaa 
aoaalo of Bxlnjal (aalaaua naloagaaa »*»)* 
iMiUmMHk* ! • • Mt aSo»l9r 
dbahaxai i:.{3» aad iia^oliatidlwfl, s«?» (1963)* Moaalo of 
Shaata» i* and Manont £»f*V« (I9ftl)« t^utdlaa on aoaa 
pcopaxtlaa of oooonat a l l t vlxua* lAil* MSSA* d,** Jj^t 30-*46. 
nil 
@ff3et of plmt «Jtttii0t« aa4 «tii«iii« f l l t « « t t of 
b3«i« irims ©f ©o»p©a. gte%^ai|||^lM^;, | | | t 480-93. 
S io^i iitB*, ^osMf B.a. afit 2ii9aia«« t*4» Cl0?a). false otops 
of Jtadla Cl®M) Mit>, p. tiaelut©o ai4 i l , M t f , 180-164. 
ttmi^f w*M« C 1@^| • Oittslo&a «^di«» oa lb-@ irlfus of 
toteoeo iio©i|.e* l i i . ilat«8 of iaaoIl lation at 
it %Tu*^Mm 
BtmX^f »«M* (1930)* m« isolfttloa » a ffoBesUee of tobaooo jrlog-apot irl«a®» £• i i a i * i ^S* t j £ < 40S-S8. 
2oalslo, B*S* ( ^ i a ) « $ifa3smi9»l.oti of tobsooo tieotoals vims 
thmma^ U,c, {1$M» ioUo»»dol a i^Ctta di8«iui« of. bow. 
#lMriagftmgliir» J|t 0if*74. 
ais«^«o of btmi. gmrltail&ilftijrt Jgt 03g-4«, 
«aii4 inoidoaoo of vlmo tl«««uio« of aooiig i^d a«14 l a 
Vavllovt H.X. (19S6)* stttCtot on tk9 oxli l i i of ouiairatoi 
pXaato. i^l^t^o^ .iofttiof JJt l / i | 1949«90. 
fi l l toil E.J* ao4 Honxof • 9*$. <19fd). Bt«a loaf bootlo aa 
a vaolojr o f oowpaa atxala of Soulhota boaa aoaida 
waintfaubi tf. aai i i g t t l l t M«t.«r. (1970). iXoetxoa 
•loxoaeopjT of tfet bfoa oat tlio Qo«»aa atialoa of 
^ttt^otn HMta aoaalo t l iua wltiila loaf ooUa. 
1* tfllfiifyftttttirf J U M M* 1^"^*^* 
i s 
fitfid Atw dl ••«#•< oX puis* Giop* i j i l od i * i n 196f}, 
^ * MM* JtaiC*« JS< t^ 300-4, 
¥UU@Btt '^•^ •y Beldtn B* aad Joint K*B* (1961))• Plmtt 
Batholoiir. ujfit mosa&e a n&ii vi fat d ls tMt . Btgioaal 
2t i^7, WO* 
fofsguQU^, ...O* iAd iariftoi* ?»a;. ( i0i3) , 4«aii sosalo 
nm@» a a«« hnm aoaalo vifuo ia India* ind« £* 
leskQ&t '«HD* ana 4^&tlftOf a* Cld@ )^« 'i&e #dT«x« bdaa aoBale 
tdsast a fi«» liaaa siosalo Hsua fsm itxioo. 
Sm39srext ^ .O'. (10S(l|. i stf^ak diseaet ofpt®© mid i«» 
iralatioo to aeirofal aUalKa oit la ta l fa moaaio virua. 
Hauaejci*, y«^, ai2d Haftett li«:4. (1943)* f«iD nets rima dis^adas 
of heem* £* jg£« J!^*t J^t i D ^ 7 . 
iaiM©jr©«» ^•S* liBd aoaaai a,w. (1948)* j?od aott le, a fljwia 
lioiaajror, ;uJ. eiad iiioaaa* a. • (19S0)* falloi»*atlppl©, 
^ iniaa «l8«a»a of l»©aa, gfeft^yftlUglffgf, jfit mf^m. 
£aua«y®r, ^.j« oad iaa«t «^^ » (19^3). Jo«alo dlataeat 
affootiai diffaxcnt legtiaec ia f^atloa to ^saas and 
i^«^« jPliriggfttelfffir^i J|< £^d£*&4, 
a^ua4Kjr«<f w«J. aad #adt, S«L. ( Idas), ma jralatioaahip af 
aat%«itt I t f i iaa aoaalos tw liawi, 1 * jyrE, Jftf** 
Zattiitjr««» W.J, aad fade, S.iu, (i9a@), ?aa «o»aio and i t a 
«alalioa to othat l€«twa «oaaio flfuaaa, £• Ml* 
J||il«, JUJt 1^1-89. 
4£«JioT8ia.4, F.ii, (i96S), cuiiivattd plaata aad th9%K «lid 
««laUYaa« Qdamoaaaalth %fi«3uliia«aL Baxaau* Loadoa. 
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